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Solar heating for farm structures is simply a matter of 
flooding interiors with sunshine for warmth and drynessin 
cold weather, thus keeping livestock more healthful and 
more productive. You need three things for solar heating: 


1. Large windows fac- 
ing south to bring in 
winter sunshine. Note 
in this diagram, how a 
building can be ori- 
ented to capitalize on 
the low, slanting rays 
POSITION OF THE SUN AT NOON IN AMES, OWA of the winter sun. 


2. Insulated windows to 
trap the solar heat inside 
the building. Thermopane* 
insulating glass does this, 
and makes solar heating 
thoroughly practical. This 
sealed double - glass unit 
stays in all year—no storm 
sash to bother with. 

3. A roof extension or over- 
hang to exclude the hot 
summer sun, but let the low winter sun come in. 


BENEFITS DERIVED FROM SOLAR HEATING 


POULTRY: Windows in poultry 

=>" houses usually face south because 
=|—— sunshine increases production. 
-/“;- However, with single glazing, too 
= much heat escapes through the 
glass on cold nights, causing a 
sudden drop in temperature. 
With Thermopane insulation, rapid temperature drop 
is avoided—more of the sun’s warmth is kept within 
the building during the night. 


HOGS: More sunlight, dryness 
and warmth, so essential to hy- 
gienic conditions, are assured by 
solar heating and Thermopane. 


Sf, - Severe cold and drafts, hazards to 
THN. the health of suckling pigs, are 
reduced. 


CATTLE: Dampness and sudden temperature changes 
in dairy barns are reduced with Thermopane. Sun 


heat warms the interior so that 
moisture-carrying capacity of the 
air is increased and efficiency of 


; the ventilation system in carrying 
= ae <>) off moisture is improved. The 

P af al/— resulting warmth and dryness is 
particularly beneficial in prevent- 
ing sickness among calves. 


MILK HOUSES and MILKING PARLORS: Sun heat 
through large windows, plus insulation provided by 
Thermopane helps keep these buildings warmer in 


cold weather ...as experienced in the Hugh High- 
smith barn at Fort Atkinson, Wisc., designed by 
4 A. Witzel, Agricultural Engineering Professor at 
the University of Wisconsin, and 

at the Sunnygables farm of H. E. _f S 

Babcock at Ithaca, New York. For —| 
maximum efficiency and flexibility, =] 
solar heating may be used in con- — =] 
junction with thermostatically- -} 
controlled heaters. res 


The inner pane of Thermopane ie! 
stays warmer. Thus, condensation, 

a cause of rot and rust, is reduced. Windows stay 
cleaner, gather less light-barring dirt, bring in more 
germ-destroying daylight. 


Thermopane’s two panes of glass and sealed-in dry 
air create a heat trap. The sun’s rays enter the build- 
ing in short wave lengths which the glass transmits. 
Once within the building, the heat is reradiated at 
longer wave lengths which are not transmitted by 
glass. Outward conduction of this heat is minimized 
by the air space. The heat transmission factor for 
Thermopane with %"’ air space is .58, compared with 
1.16 for single glazing. 


Thermopane is sold by oa 
glass and building sup- 

ply distributors and Blanket of Dry Air 
dealers. Write for our 

Thermopane literature. 


Feel free to write us on 
specific problems in poernnaisn 
glazing farm buildings. H0-Gloss) 


*® Cutaway View of Thermopane 


MADE ONLY BY LIBBEY-OWENS-FORD GLASS COMPANY 
2735 Nicholas Building, Toledo 3, Ohio 
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EDITORIAL 


Engineering Philosophy 

N OUR postwar world of confusion, conflicting interests, 

and uncertainty in many fields we find in some public ex- 
pressions, a note of despair, a threat of doom. It seems that 
all the wealth, power, widely distributed prosperity, scientific 
and engineering progress, private enterprise, freedom and rep- 
resentative government of the United States have not brought 
and end to human problems, or even lessened them materially. 
Some people are disillusioned. Some strong minds lose their 
perspective. c ; 

In substance, their indictment of progress is that it has 
faile’ to remove all or most of the obstacles in the path to the 
pot of gold at the end of their rainbow. They recognize that 
some old problems have been solved, and some specific ob- 
stacles removed, but condemn what we have called progress 
for failure to prevent the intrusion of new problems and ob- 
stacles. For old problems that we had learned to live with, 
it has substituted strange and terrifying new ones with which 
we know not how to deal. 

From the bare fist we have progressed in weapons to the 
H-bomb. From the two-man grudge fight we have progressed 
to the world war. From crooked-stick subsistence farming we 
have progressed to the farm product surplus. From the tribal 
taboo we have advanced to the drawing of a fuzzy line be- 
tween liberty and license. From child labor problems we have 
moved on to problems of juvenile delinquency. From the rude 
cave, skin or log hut we have progressed to a housing short- 
age. In scandal mongering we have advanced from the whis- 
per to the screaming tabloid. From the stunning, stupefying 
problems of the 12 to 20-hour work day we have advanced to 
the challenging problems of leisure. 

But is the trouble with progress and all of its new prob- 
lems, or is it with our outlook on life? 

Is this indictment by human beings based on a true appre- 
ciation of their own nature? 

Is the pot of gold worth more than the sense of accom- 
plishment at overcoming some of the obstacles? 

Is the ultimate in living either a genteel, problemless idle- 
ness or riotous dissipation at no human cost? 

Is the end, purpose, and justification of our life on earth 
a prolonged supine existence? 

Should a man be shielded from problems until he is 50 
because he is too young to face them, and thereafter because 
he is too old? 

Where is the pioneering spirit which led our forefathers to 
meet new problems more than half way? 

It occurs to us that the time has come for engineers, scien- 
tists, business leaders, educators and others in whom the pio- 
heer spirit may still live, to clarify the nature and objectives 
of progress. 

It is time to dispel the sedative illusion that the purpose 
and direction of progress in engineering or any other human 
activity is toward a world devoid of problems. The end of the 
rainbow is a navigating horizon, not a destination. 

It is time to remind people that problems originate in their 
very nature, their instincts, their minds, their impulses to do, 
and to have, and to live. The solution of one problem starts 
others developing in the manner of a chain reaction. 

It is time for engineers to remind people that progress can 
be measured more accurately in terms of the finite numbers 
and proportions of problems already solved, than in terms of 
the infinite number and complexity of the obstacles apparently 
blocking our further progress. Our stockpile of recognized 
cd unsolved problems is an indication of alertness rather than 
ailure. 

It is time to remind people that engineering mastery of 
Many major physical problems causes unsolved problems in 
human relations to stand out in more prominent relief. 

It is time remind people that the tragedies of life are not 
the problems they face, but the ways in which they face or fail 


to face their problems. There is tragedy in the untold numbers 
who have never had opportunity to solve more than the basic 
problems of a miserable day-by-day existence; the few who 
with great endowments of intelligence, training, and worldly 
goods, have failed miserably to apply them toward the solu- 
tion of any important problems; and the great majority who 
fail to fully develop and live up to their inherent capacities 
and opportunities to hurdle obstacles to effective living. 

It occurs to us that the highest purpose of engineering is 
not to reduce the total problems obstructing the progress of 
mankind, but to increase the number which have been solved; 
to improve the means, mechanics, and efficiency of living, so 
that more men may enjoy the opportunity, training, stamina, 
and zest for effectively tackling problems somewhat beyond 
those of animal existence. It means more efficiency, better use 
of resources, more purposeful application of the laws of 
nature. 

From this viewpoint engineers and others might find prob- 
lems stimulating rather than depressing. It seems worth con- 
sidering as a philosophy of engineering, and as an outlook to 
be advanced in order that engineers and their developments 
may be better understood by the public. 


More Than a Pseudo-Scientific Racket 


ECENTLY that venerable oracle of the farm equipment 

trade, “Farm Implement News’, raised a question which, 
coming from it, could only have been hypothetical and calcu- 
lated to inspire an authority to clarify a point for some of 
its readers. 

Waiting till it caught Floyd W. Duffee, (head, agricultural 
engineering department, University of Wisconsin) with both 
hands in his pockets so he couldn’t swing before counting ten, 
FIN said “Floyd . . . we have long feared that ag engineering 
was a pseudo-scientific racket... .” 

Then it braced its editorial legs and caught the full force 
of his reply on page 53 of its February 10th issue. 

Cool as a Wisconsin winter, Duffee reviewed some facts. 
Agricultural engineering training is engineering training p/us. 
The engineering training is in the mathematics, materials, ma- 
chine design, thermodynamics, fluid dynamics, factory produc- 
tion methods, machine testing and other subjects common to 
other branches of engineering. The “plus” includes training 
in the job to be done by engineers in agriculture, in terms 
of principles of soil tilth and fertility, crop culture, and animal 
production. It may also include some training in economics, 
public speaking, and various other subjects, including the jour- 
nalistic approach to a better world and to progress in the 
farm equipment business. At Wisconsin, and presumably 
elsewhere, agricultural engineering teachers have even exposed 
their students to the philosophies of some of the recognized 
leaders in the farm equipment business and other phases of 
human progress. 

The agricultural engineering curriculum has provided a 
worthy challenge to war veterans pursuing education with a 
somewhat mature view of their objectives. It has satisfied the 
“money’s worth” requirements of a lot of boys who have worked 
much or all of their way through college. It has helped man 
the engineering departments of the farm equipment industry 
and provided some especially competent men for the sales and 
service ends of the business. It has manned the engineering 
research activities of the U.S. Department of Agriculture, 
and of numerous state and local public service activities in 
the interest of agriculture. It has trained men to teach farm 
mechanics to county agents, farmers, students of vocational 
agriculture, and sales and service personnel of the farm equip- 
ment industry. 

Duffee might have added that for years FIN has sat re- 
spectfully at the feet of Dr. J. B. Davidson and other teachers 
of agricultural engineering, using a far greater poundage 
of pulp for notes than for paper (Continued on page 148) 
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This tract of land is overgrown with willows, popple and 
assorted brush to a height of 4 to 15 feet. 

The outfit shown is a Diesel D4 pulling a 10-foot Rome plowing disk 
harrow. The tool weighs 2300 pounds; has 26-inch serrated blades with 
12-inch spacings. The D4 is pulling its heavy load at third speed (3 m.p.h.). 

Even with spots of muck to cross and with a constant brushy footing, 
the D4 keeps its traction— enabling Owner A. J. Landby, Warroad, 
Minnesota, to knock down 15 acres of brush in an 8-hour day. And there 
are no steering complications with this tractor, even in the roughest going. 


After this operation, Mr. Landby will use a heavy-duty spring-tooth 
chisel-type cultivator — to prepare the land for seeding to wheat as a 
nurse crop for alfalfa. 


Only a tractor built strong enough for logging — with ample weight 
for earthmoving — and with positive traction for the toughest farming — 
has any business on a job like this. It’s a job for a “Caterpillar” Diesel 
Tractor, to be done with dispatch and at moderate cost. 

“On performance and economy,” states Mr. Landby, “my D4 has no 
equal. It has cut my fuel costs a good 60%, and my repair expense has 
been very low.” 
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A Pneumatic Gun for Elevating Baled Hay 


By J. B. Liljedahl 


HE purpose of the investigation on which this paper is 
based was to compare a pneumatic gun with other 
methods of elevating and conveying bales of hay. The 
pneumatic gun, which is described, was designed and is owned 
by F. W. Moffett, Jr., owner of Idylbrook Farms near Roches- 
ter, N. Y. At present it is not being built or sold commercially. 
Mr. Moffett used this gun in 1948 to elevate approximately 
15,000 bales of hay on his own dairy farm. It was used the 
last half of the 1949 haying season at Iowa State College. 


Operation. To operate the gun it is placed 10 to 15 ft 
away from the barn door opening into which the bales are 
to be shot. After a few minutes experience with the gun, the 
operator can aim it accurately enough to shoot bales through 
a barn door opening. The gun normally rests on the ground 
to facilitate loading and to provide a solid foundation to with- 
stand the recoil. 

The truck or trailer hauling the bales is driven beside 
the gun so that the operator can readily place the bales in 
the gun. To fire the gun, the operator opens an air valve by 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1949, as a 
contribution of the Power and Machinery Division. Authorized for 
publication as Journal Paper No. J1727 of the Iowa Agricultural Ex- 
periment Station, Project 1159. 


The authors: J. B. LitjJeEpDAHL and E. L. BarGerR are, respectively, 
formerly research assistant professor and research professor of agricul- 
tural engineering, Iowa State College, Ames. 


and E. L. Barger 


means of a rope suspended from a pole beside the truck. 
This is shown in Figs. 1 and 2. The bales are usually shot into 
the haymow door or into side doors. If a large window can 
be opened into the haymow, bales can be shot through it. This 
is not a recommended practice because some the bales will 
miss the smaller opening. 

The height and distance to which the bale will go is a 
function of the pressure on the piston, the vertical angle of 
the gun, and the weight of the bale. The pressure and the 
vertical and horizontal angles can be changed in order to place 
the bale anywhere within the range of the gun. 

In shooting the bales into the barn a few leaves are lost. 
There will be some leaf loss from baled hay regardless of the 
way it is handled. No attempt was made during this investiga- 
tion to evaluate these losses although they were observed to 
be not excessive. 


Design. The main part of the gun is composed of a cyl- 
inder and piston surrounded by an air supply tank. Fig. 3 
is a schematic diagram of the gun. When it is in operation, 
air comes from the compressor through a pressure regulator, 
and then to the air supply tank surrounding the cylinder. 
The pressure regulator can of course be adjusted. Air enters 
the bottom of the cylinder by way of a quick-opening valve 
which is actuated by the rope hanging from a pipe above the 
gun. The piston is stopped at the top of the stroke by the 
air, which is compressed above the piston and in the buffer 
air tank. The buffer air tank also stores energy to return the 
piston to the bottom of the cylinder where it will be ready to 
shoot another bale. Some energy is lost in the recoil system 
due to cooling and leakage. To compensate for the loss, make- 
up air from below the piston is allowed to enter the recoil 
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Fig. 1 (Left) The pneumatic gun is loaded directly from the truck 

or trailer. This view shows the bale in place in the gun e Fig. 2 

(Above) This illustrates the gun in action with a bale being discharged 
and on its way to the barn loft 
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ONE-WAY VALVE VALVE OPENS TO ATMOSPHERE 
WHEN PISTON IS AT BOTTOM 
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Fig. 3 A schematic diagram of the Moffett bale gun showing its 
construction. The piston is in the out position similar to that shown 
in Fig. 2 where a bale is being ejected 


system when the piston is at the top of the stroke. To return 
the piston to the bottom of the cylinder the quick-opening 
valve at the bottom of the cylinder is released, thereby open- 
ing the cylinder below the piston to the atmosphere. The 
compressed air in the buffer-air tank then forces the piston 
to the bottom of the cylinder. The rate at which the piston 
is stopped at the top of the cylinder is regulated by the left 
port valve. The right port valve regulates the rate at which 
the piston returns to the bottom of the cylinder. These valves 
which restrict the flow of air need to be adjusted when the 
ait pressure in the cylinder is changed markedly. The space 
above the piston is opened to atmospheric pressure by a valve 
above the cylinder, which is opened automatically by the 
plate on the plunger when the piston returns to the bottom 
of the stroke. This completes the cycle, and the gun is ready 
to shoot another bale when the desired pressure in the air sup- 
ply tank is reached. 

In these tests a two-stage compressor having a displace- 
ment of 16cfm was used. The machine was designed to be 
used in conjunction with a 21-cfm two-stage compressor, 
which would have increased the capacity of the gun under 
some circumstances. 


Performance. The rest of this paper will be concerned 
with the performance of the bale gun. It was tested at Iowa 
State Colle ege under conditions varying from nearly ideal to 
very impractical. 

Projectile curves for a 58-lb hay bale were plotted in order 
to determine the effect of pressure and angle. These are 
shown in Fig. 4. The bale, sewed up in burlap to keep its 
weight constant, was of dry alfalfa hay. These curves could 
be used to predict the spot where a bale would land if all 
bales of hay weighed the same. Actually, with only a few 
minutes of experience, the operator is able to place the bales 
reasonably close to the desired spot. At 200 psi and at an 
angle of 60deg, the bale went 21 ft vertically and 48 ft 
horizontally. At the same pressure and at a 45-deg angle the 
bale went 14 ft vertically and 58 ft horizontally. The maxi- 
mum vertical distance which a bale can be shot would be 
increased somewhat if the angle was increased. From this 
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Fig. 4 Effect of angle and air pressure on projectile curves with a 
58-lb bale of hay 
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information one can predict the gun’s performance with barns 
of different heights and lengths. 

Table 1 and Fig. 5 compare the bale gun with three other 
methods of storing baled hay. It was found that when unload. 
ing by hand, a three-man crew could unload bales into a 
ground level shed at a rate of 5.4 bales per minute*. The 
capacity of this method is fairly good, but the labor expendi- 
ture is high. Naturally, this method is limited to low barns 


TABLE 1. COMPARISON OF METHODS OF UNLOADING 
BALED HAY 

Bales per minute 

Capacity Capacity 

Method of crew per man 
Unloading by hand, 3-man crew 5.4 1.8 
Conventional barn fork, 2-man crew 3.2 1.6 
Grain elevator, 2-man crew 4.1 2.0 
Bale gun, 1-man crew. Door 10 ft high 12.0 12.0 

(short duration only) 

Bale gun, 2-man crew. Door 1314 ft high 7 3.9 
Bale gun, 1-man crew. Door 21 ft high 2.8 2.8 


and sheds, and even then it is still hard work. The conven- 
tional grapple fork, which is probably used more than any 
other method in the midwest, has a low capacity of 3.2 bales 
per minute with a two-man crew. This is the only practical 
method, other than slings, which can be used on long barns 
having no side doors into the mow. It, of course, requires 
that the barn have a hay fork and track. 

A flight-type grain elevator has a somewhat greater capacity 
of 4.1 bales per minute with a two-man crew, but it is limited 
to fairly low barns which can be filled from several doors. 


The first three methods, which have just been described, 
will have greater or less capacity than shown depending upon 
the weight of the bales, and the size and shape of the struc- 
ture into which the bales are being stored. The values given 
are averages of samples taken during one haying season. 

The next three sets of data in this table show the effect 
of height on the actual capacity of the bale gun. When the 
bales were shot 30 ft horizontally through an opening 10 ft 
above the ground, it was possible to unload at a rate of 12 
bales per minute for a short period of time. We found, how- 
ever, that no one man wanted to work that hard for a long 
period of time, with the result that labor would limit the 
capacity of the gun. When shooting into an opening 131 ft 
above the ground, the gun would maintain a rate of 7.7 bales 
per minute if two men were loading it. The gun, which was 
designed to be operated by one man, can be increased in 
capacity by using two men when the air from the compressor 
is not the limiting factor. In the above test two men, without 
undue physical effort, were able to keep the gun operating 
at its maximum. The last line in the table shows the capacity 
of the gun when shooting bales into a door 21 ft above the 
ground. This is close to the maximum vertical distance to 
which the bales can be shot with the pressures used. The 
capacity, which was 2.8 bales per minute, was influenced 
markedly by the size of the compressor, because in this case 
there was a waiting period between each bale while the pres- 


* Kline, Gerald L.: Harvesting Hay With the Automatic Field Baler. 
Unpublished thesis, lowa State College Library (1946) 
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Fig. 5 A comparison of different methods of unloading and elevating 
baled hay 
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sure was being built up. If a 21-cfm displacement compressor 
had been used instead of a 16-cfm compressor, the capacity 
would have been raised proportionately in cases where the 
capacity of the air compressor was the limiting factor. 

There appeared to be no relationship between the pressure 
used and the work efficiency of the gun. The average work 
eficiency of the gun was approximately 21 per cent, which 
does not include the efficiency of the compressor. A 5-hp 
gaso! ne engine is required to operate a two-stage compressor 
having a 21-cfm displacement at 175 psi. This engine, if 
used continuously, could be operated at a cost of approxi- 
mate'y 10c per hr for gasoline. 

Getting the bales into the barn isn’t the entire story of 
course. In barns where space is at a premium, it is necessary 
to st ck the bales. No attempt was made during this investi- 
gation to compare these methods of unloading as to the labor 
requ.red in handling the bales in the barn. In Table 1 and 
Fig. | the labor of stacking the bales was not included. 

No labor is required stacking bales when a grapple fork 
is used in narrow barns if space is not at a premium. The 
grap le fork distributes the bales lengthwise of the barn but 
not very much crosswise. When bales are unloaded with a 
grain elevator or by hand the distributing is done by hand. 
When using the gun, the bales can be distributed over the 
entir: barn by the operator if the barn has a fairly large door 
on eich side, and if the building is not more than 50 ft long. 

Some difficulty was experienced with this experimental 
model in moving it about. The gun, which is mounted on 
skids and two small auxiliary wheels, weighs approximately 
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600 lb excluding the compressor. One man can move the gun 
on a smooth hard surface; however, in most cases the ground 
conditions were such that it was necessary to use a tractor 
or several men to move the gun from one door to another. 

The condition of the bales after they were in the barn is 
an important factor to be considered. It was found that 3.4 
per cent of the bales were broken when dropped from a 
grapple fork. No bales were broken when they were unloaded 
into the storage structure with a grain elevator or by hand*. 
Two per cent of the bales were broken during all of the tests 
with the gun. If the pressure regulator had always been ad- 
justed so that the bales did not go any higher than was neces- 
sary to put them in the desired place, the breakage could have 
been reduced. Obviously if the bales are shot considerably 
higher than is necessary, there will be unnecessary breakage. 


CONCLUSIONS 

1 The capacity of the gun was very markedly affected by 
the height to which the bales had to be thrown. 

2 The gun had a lower labor expenditure than the other 
methods of conveying bales into a storage structure. 

3 When the gun was used to shoot bales into low doors, 
its Capacity was greater than the other methods studied. 

4 The labor efficiency in handling bales was lower with 
long barns (over 50 ft) that did not have side openings. 

5 If the gun did not have to be moved, it could be op- 
erated quite easily by one man. 

6 The gun in its present design was difficult to move 
under most conditions. 


The Solaranger 


By Ralph R. Parks 


MEMBER A.S.A.E. 


HIS device was built under the direction of Dr. L. W. 

Neubauer with data and suggestions furnished by Dr. F. 
A. Brooks, both of the division of agricultural engineering, 
University of California, Davis. 

The purpose of the instrument is to study the effects of 
sunlight and shadows in farm building and landscape design. 
For example, whether to place a building with the true north 
and south, how high to place windows with respect to roof 
overhang to keep out the sun in summer and let it in during 
the winter, and where to place trees to secure maximum shade 
in summer and minimum shade in winter. 

The solaranger is assembled so it can be easily taken apart 
and transported. It can be set up on any board surface or 
table where scale models can be shown. It is not intended as 
a precision device but rather one from which general arrange- 


The author: RALPH R. Parks is extension agricultural engineer, Uni- 
versity of California. 


The solaranger built by California agricultural engineers 


ments can be decided on, and accurate measurements can be 
calculated from trigonometric computations. 


The three adjustments in the instrument allow one to show 
hourly change of the sun, seasonal variation, and incidence at 
different latitudes. The hourly change is shown by swinging 
a light representing the sun around an axis parallel to the 
earth’s axis. The time of day is indicated on a disk which is 
perpendicular to the axis of the instrument. The seasonal 
variation by months can be set into the instrument by length- 
ening the axis which is parallel to that of the earth’s and 
thus simulate the shifting of the earth’s position with respect 
to the sun. The latitude adjustment can be made by changing 
the angle of the instrument’s axis with relation to the surface 
on which it is fastened. With the “‘sun’s” supporting shaft 
removed, one can sight down the tube for the height adjust- 
ment of the lower standard after the upper one has been 
fixed in place. Height of the rear standard can be determined 
from a table furnished with the particular instrument used. 

Construction details for the instrument illustrated can be 
secured from the Division of Agricultural Engineering, Uni- 
versity of California, Davis. It is simple to construct and is 
built largely of 34-in tubing, 44-in rod and ¥%4-in rod, welded 
and bolted together. Some light source is required to represent 
the sun; a strong light is needed for bright room showing or 
showing to large audiences. A pen flashlight works well in 
a darkened room and for small audiences. 


A number of special problems can be demonstrated with 
this instrument. For example, west windows are a consider- 
able disadvantage to a house when the late afternoon sum- 
mer sun hits them, while, south windows are more desirable 
and can use winter sun yet be protected with overhanging 
roofs in summer. Contemplated tree plantings and farmstead 
building arrangement can be studied to take maximum ad- 
vantage of shade and/or sun on windows and roofs at differ- 
ent times of the day and season. Better advantage of radiation 
heat in the case of field crops can be taken if more attention 
is given to the angle at which seedbeds are formed. Early 
grown truck crops can be given better protection from radia- 
tion losses if the angle of paper shields, for example, were 
more closely studied. These are intended to let in a maximum 
of radiation heat from the sun and yet give the best cover for 
reducing radiation losses to the sky. These and other problems 
that can be discussed with the aid of the solaranger make it 
a very valuable teaching device. 
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A New Concept of the Side-Delivery Rake 


By B. G. Elliott 


nized crops of the farmer the world over. The harvesting 

of hay was one of the slowest, most inefficient and back- 
breaking jobs on the farm. Then came a period of mechaniza- 
tion; many improvements were made on existing machines, 
and new machines were introduced for speeding up and reduc- 
ing the burden of making hay. The methods of handling the 
hay, however, remained basically the same, and very little 
work was done toward improving the quality. While the 
farmer has continually improved his own food and the meth- 
ods of preserving it, he has not been too concerned about the 
quality of the feed for his cattle so long as sufficient quantity 
was produced. Only in the last few years has he become con- 
scious of the fact that he has been leaving a good part of his 


Fes many years the hay crop was one of the least mecha- 


This paper was presented at a meeting of the Michigan Section of 
the American Society of Agricultural Engineers at Detroit, Mich., 
November 12, 1949. 


B. G. ELLiotTT is project engineer, Harry Ferguson, Inc., Detroit, Mich. 
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REEL COMPONENT = 1217 F.P.M, 


HAY LINE = 1565 F.P.m, 
= 1.5 Fr 


FORWARD MOTION 
COMPONENT = LLO F.P.M. 


bank account in the hay field in the form of shattered leaves 
which contain the major portion of the food value in hay. Of 
equal importance is the loss of a large percentage of vitamin 
A and digestible nutrients by curing in the direct rays of the sun, 

In recent years many steps have been taken to minimize 
these losses. New machines have been introduced, such as the 
forage harvester and the hay crusher, and along with these 
have come new methods of curing and handling hay. The 
forage harvester made grass silage easy to handle and also 
made mow curing practical. In certain crops the hay crusher 
has appreciably shortened curing time and thus reduced vita- 
min A and digestible nutrient losses in the field, as well as 
reducing the weather hazard. 

An analysis of the problem of harvesting hay with a mini- 
mum of loss gives us these basic requirements: 

1 After the hay is mowed, it should be put in storage in 
the least possible time to minimize the weather hazard and 
losses due to overcuring. 


REEL COMPONENT = 1020 F.P.M. 


HAY LINE = 10L0 F.P.¥. 
= 7.25 PT. 


75° 


FORWARD MOTION COMPONENT = LLO F.P.M. 
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ee F 


Fig. 1 Conventional side-delivery rake e Fig. 2 Vector diagram of 
raking action of the conventional rake @ Fig. 3 The Ferguson side- 
delivery rake e Fig. 4 Vector diagram of raking action of the Fer- 
guson rake 


2 The leaves should be protected from the direct rays of 
the sun as much as possible while the hay is being cured, to 
reduce vitamin A and digestible nutrient losses. 

3 To hold leaf loss to a minimum, the hay should be 
handled in the most gentle manner possible. 

Another basic requirement in designing a machine to pet- 
form this or any other operation is to build quality and ‘ong 
life into the machine with a minimum of upkeep and repaifs 
and at a price that will enable the job to be done at the lowest 
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unit cost. If the farmer cannot increase his earning power di- 
rectly or indirectly by the new machine, it is very unlikely that 
he will buy one just because it has a new coat of paint and 
looks better than his old one. 

We believe that the proper procedure to follow in the 
development of a new implement is not to follow blindly the 
methods by which the job has been done in the past. Instead, 
the requirements of the job should be analyzed, to determine 
how it can best be performed. Based on these requirements, 
a machine can be developed that will perform the job in the 
best manner possible and produce the highest quality crop at 
the lowest over-all unit cost. 

The Ferguson side-delivery rake is our first step in apply- 
ing this engineering philosophy in the haying machinery field. 
We have attempted to build into this rake as many of the 
desirable features as possible for raking efficiency, speed, ease 
of operation, low unit cost, and minimum maintenance re- 
quirements, for producing the highest quality hay possible. 
Some of these features are: 

i Anew type six-bar reel construction which moves the hay 
a minimum distance in a smooth and uninterrupted flow to a 
windrow that is loose and fluffy, permitting good air circula- 
tion for drying in the windrow. 

2 Toothbars mounted on lubricated and sealed-for-life 
ball bearings, with bars mounted to spindles on rubber to ab- 
sorb shock. 

3 Spiders and drive shaft mounted on tapered roller 
bearings, requiring yearly lubrication only. 

4 Only seven grease fittings requiring daily attention. 

5 Attaches to tractor by Ferguson three-point hitch, plus 
power take-off, making a compact mobile unit that follows di- 
rectly the path of the tractor. 

6 Lifts by hydraulic control for short 180-deg turns, and 
is carried on links of tractor in transport. 

7 The relation of the rake to the tractor is such that, 
when the wheels are spread on the tractor, these wheels may 
be driven in the path of the mower swathboard without run- 
ning on the hay. 

8 The right-hand rake wheel tracks with the correspond- 
ing tractor wheels when they are set on 72-in centers. This 
gives an ideal arrangement for raking off irrigation borders 
as the right-hand tractor and rake wheels are run along the 
top of the border. 

In making a comparison between the new rake and side- 
delivery rakes of the conventional reel design, let us first look 
at a typical rake of the latter. The rake used for this com- 
parison was chosen because it was the most readily available 
and seemed to be typical. The following data were computed 
from actual measurements of this rake and might vary slightly 
for different models or makes of rakes of the same general 
principle: 
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From the diagram (Fig. 1), it is seen that the reel is set 
at an angle of 40 deg to the direction of travel. The extreme 
distance between the end teeth is 11 ft, giving a raking width 
of 7.05 ft. For simplicity in comparison, a ground speed of 5 
mph has been assumed. Breaking this down into feet per min- 
ute, gives a ground speed of 440fpm. The ratio of the 
ground speed to the peripheral speed of the teeth when in the 
raking position is 1 to 2.83, or a ground speed of 440 fpm to a 
tooth speed of 1247 fpm at 5 mph. The theoretical path that 
the hay follows from the swath to the windrow is the re- 
sultant of these two speeds when plotted to scale. A vector- 
type diagram illustrating this and the path that the hay fol- 
lows is shown in Fig. 2. Solving this triangle, we find that the 
hay is moved along a line running 3714 deg to the direction of 
travel and at a velocity of 1565 fpm. If we consider the hay 
to be raked the extreme distance for a 7-ft swath, we find that 
it is moved a distance of 11.5 ft in being transferred to the 
windrow or 4.5 ft more than the minimum possible distance 
of 7 ft. 


RAKING ACTION ENTIRELY DIFFERENT 


For a similar analysis of the new side-delivery rake (rep- 
resented in diagram Fig. 3), a like raking speed of 5 mph has 
been assumed. The raking action of this rake is entirely diff- 
erent from that of the conventional rake; however, a direct 
comparison can be made as to the velocity of the hay and the 
distance it is moved. The direction of movement of the hay 
due to the rotation of the reel is 100 deg to the direction of 
travel as compared with 50 deg for the conventional rake. The 
vector-type diagram (Fig. 4) illustrates the velocities of the 
forces acting to move the hay and the magnitude and resultant 
of these velocities. Again assuming a 5-mph raking speed, we 
have a ground velocity of 440 fpm. The ratio of the ground 
speed to the peripheral speed of the teeth in the raking posi- 
tion is 1 to 2.37, or 440 fpm ground speed to 1020 fpm tooth 
speed. Referring to Fig. 4, the resultant of these two velocities 
shows the theoretical direction of movement of the hay to be 
along a line 75 deg to the direction of travel and with a 
velocity of 1040 fpm. Again considering the hay to be moved 
the extreme distance in raking a 7-ft swath, we find that it is 
moved a distance of 7.25 ft, or only about 3-in further than 
the shortest possible distance of 7 ft. 


Going back to the velocity at which the hay is moved when 
traveling at 5 mph, we had for the conventional rake 1565 
fpm and for the new rake 1040 fpm. This means that the 
new rake can travel at 7.5 mph without moving the hay at 
any greater velocity than the conventional rake does at 5 mph. 


At these two raking speeds of 5 mph and 7.5 mph, with 
the velocities of the hay equal for the two rakes, the new rake 
still moves the hay a distance 59 per cent less than that moved 
by the conventional rake. Looking at this from another point 
of view, we see from the diagrams (Figs. 2 and 4) that the 
new rake moves hay an extreme distance of 7.25 ft and the 
conventional rake an extreme distance of 11.5 ft. Subtracting 
7 ft, which is the shortest distance that the hay could be moved 
in either case, we have the new rake moving the hay an extra 
distance of 0.25 ft as compared with 4.5 ft for the conventional 
rake. This means that the conventional rake moves the hay 
an extra distance equal to 18 times the extra distance it is 
moved with the new rake. 


Summarizing the comparable data on the two rakes, we 
have (a) the new rake operating 50 per cent faster than the 
conventional rake for an equal velocity of the hay and (b) the 
new rake moving the hay a distance 59 per cent less than it is 
moved by the conventional rake. 

One of the greater advantages embodied in the new rake, 
as we see it, is the raking action of this type of reel. From the 
moment the hay is first contacted by a tooth, it is swept at a 
uniform velocity into the windrow, whereas with the conven- 
tional rake it is tossed ahead and dropped, to be picked up 
and tossed again by the next bar of teeth until it finally reaches 
the windrow. This process is more or less like the procedure 
sometimes used by our young sons for bringing home a tin can 
by kicking it along in front of them. Needless to say, the tin 
can is usually in pretty bad condition by the time it reaches home. 
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Poultry House Ventilation—Theory and Practice 
By H. N. Stapleton and Earle Cox 


MEMBER A.S.A.E. 


cation of ventilation to poultry houses has plagued 
operators, poultry specialists and agricultural engineers 
for many years. The ventilating problem is to remove approxi- 
mately the same amount of water as is supplied to the birds 
each day, plus the gaseous products of litter decomposition, 
while maintaining a satisfactory inside temperature in a build- 


T= development of a satistactory solution to the appli- 


ing of a grade of construction which can be economically sup- 
ported by the enterprise. In practice, the solution of the prob- 
lem is complicated by individual management, economics, and 
the headroom and excess cubage in the structure which are 
' required by the attendant. The scope of application discussed 
in this paper will be specifically limited to laying houses in 
which the adult hens range the floor area only. Ventilation of 
cage houses, brooder rooms, brooder houses, and broiler and 
roaster plants requires separate and specific treatment. 


The considerations which work well in dairy stable venti- 
lation are not applicable to the same degree for the poultry 
laying house. In the dairy stable there exists essentially a cool- 
ing problem, and in the removal of the excess sensible heat, 
air purity and odors are satisfactorily controlled. That it is a 
cooling problem is shown by an article by Holmquist(1), 
which describes the use of a heat pump to heat a farm house 
by use of waste heat from the dairy barn. Insulation of the 
dairy structure is provided to control condensation and to pre- 
vent floor drafts. Moisture removal is concerned very largely 
with that produced in the respiration process as the wet litter 
and manure are usually removed at least once daily. The heat 
balance equation contains little latent heat. The heat input 
from the animals is relatively large, usually about 25 Btu per 
sq ft of enclosing surface. Solar input can be ignored, princi- 
pally due to the usual solar orientation of the structure. 

This contrasts with the laying house in which the principal 
consideration is a drying operation. Every advantage should 
be taken of good solar orientation, good air drainage, and 
reasonable protection from winds which dissipate heat from 
the structure. Insulation of the structure is provided to con- 
serve heat for the drying operation, and this insulation in- 
cludes a deep litter which by decomposition can furnish latent 
heat for the vaporization of the daily water load. Heat input 
by the birds can be maintained at high level by keeping the 
population at a high density, even though this may change 
other management factors and require the use of elevated 
feeders and equipment. In structures of the same width, that 
is, approximately 36 ft, the heat input from birds per hour per 
square foot of enclosing surface will be from one-third to one- 
fourth that of dairy animals. In a common house, 24 ft wide, 
it can be.expected to be about one-fifth, or from 5 to 6.5 Btu per 
hr per sq ft. Management of the ventilation system must conserve 
as much heat as possible. Control of odors and air purity are 
obtained when the drying is accomplished. The insulation 
which conserves heat for the drying operation functions also 
to control condensation. This oversimplification of the prob- 
lem is for the development of a concept and a mode of attack 
which permits the development of an independent evaluation 
of the unknown elements of the single equation. Since there 
is but one equation, it can be written as: Heat Out = Heat In 
and it can be expanded to 


Wall Loss + Ventilating Air Loss + Latent Heat = Animal 
Heat + Lamp and Equipment Heat + Solar Heat + Heat from 
Litter Decomposition 


By taking values for some of these elements from handbook 
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and other published information, the values for the rema ader 
may be developed experimentally; and in either desig: or 
analysis, the equation permits prediction of probable oper ting 
conditions. Handbook data permits the evaluation of the 
“heat out” side of the equation with a fair degree of accu acy, 

The heat input side of the equation is not so re dily 
evaluated. The heat supplied by the birds can be approx: nat- 
ed from metabolism studies, but there still remain two fa tors 
on the “heat input’ side of the equation to be evaluated, 
namely, solar heat and heat from litter decomposition. Ven- 
tilating designers in the past have neglected these two heat 
sources. The theory seemed to be that since the effect of solar 
radiation and litter decomposition was unknown it shou’ | be 
neglected, as any heat received from the two sources wes so 
much “velvet”. 

A poultry house ventilation project is under way ai the 
University of Massachusetts and the results of one year’s work 
have indicated that the heat from solar radiation and litter 
decomposition is appreciable. The ventilation design was first 
calculated on the assumption that the solar heat plus the heat 
from litter decomposition would supply part of the heat of 
vaporization. It was assumed that it would be sufficient to 
vaporize any water introduced into the pen which was not 
vaporized by respiration. It was also assumed that no sensible 
heat was supplied by solar heat or litter decomposition. On 
this basis it was calculated that a 10-deg differential could be 
held between house air temperature and outside temperature. 
Since the mean daily temperature in the Amherst, Mass., area 
during December, January, and February is near 25 F, this 
meant that no freezing would occur in the house unless pro- 
longed cold spells occurred. 

The experimental pen selected was the end one of four 24 
x 24-ft pens on the lower floor of a two-story house. The 
theoretical calculations assumed no heat transfer between ad- 
jacent pens and no heat transfer through the floor. The walls 
of the pen contained shavings as insulation between 2 x 4-in 
studs. The ceiling of the pen was covered with about 6 in of 
litter in the pen immediately overhead. 

The sensible heat produced by the birds was taken as 
52(1.00 -0.079) 140=6705 Btu per hr. These values are for 
140 6-lb birds at an environmental temperature of 35 F. About 
52 Btu per hr are produced by a 6-lb bird, and of this (0.079 
Btu of the total is in latent form(2). 

Neglecting the sensible heat to be obtained from litter de- 
composition and solar radiation, the net heat available for 
ventilating became 6705 —1090=5615 Btu per hr. This figure 
was used to determine the air movement and to arrive a‘ the 
amount of water removal per day. The amount of water con- 
sumed by the birds was taken to be 45 lb per 100 birds(3 ), or 
45 X 1.4=63 lb. 

It was considered that fans powered by electric m»tors 
would offer the best means of reliable air control with a «mall 
labor requirement. Accordingly, two 9-w motors were s' iged 
in series in a 9-in diameter stove pipe. The fans were two 
blade, 814-in in diameter. The capacity, with no dampc: re- 
striction, was 322 cfm with power to both motors and 26° cfm 
with only the inner motor running. The inner motor was 
wired for continuous operation and the outer was se on 
thermostat to have power supplied above an exhaus. ai 
temperature of 35 F. 

The fan installation began operation on Decembe: 
1948, at a time when the litter moisture content was abo: 
per cent, wet basis. This represented a moisture content 
cent higher than any of the other three pens on the first ' 
The fan was operated continuously from December 14 1 
spring and periodic litter samples were taken. The moi 
content in the pen rose from 28 per cent to a high of 3¢ 
cent and began falling after February 14, 1949. The win 
were kept closed during this period. Handbook values for 
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crack infiltration indicated that when the fan was not in 
operation, the air infiltration through the cracks around the 
windows would be about 250cfm. Therefore, it was con- 
sidered that additional air intakes were unnecessary. 

The results obtained show a much less favorable relative 
humidity relationship than assumed, but an increased differen- 
tial temperature which gave a higher rate of water removal 
than calculated. The differential temperature was 18.8F for 
two months from December 14, 1948, to February 14, 1949. 
The water removed from the pen per day was taken at 63 lb 
since the litter moisture content increased only slightly. The 
transfer of moisture from the adjacent pen made the transfer 
of » oisture through the fan about 50 per cent above the 63 lb 
amount. Experimental results gave 7250 Btu per hr removed 
in te exhaust air from the experimental pen. The pen losses 
on on 18.8F differential were 2050 Btu per hr. The total sensi- 
ble heat losses then were 7,250+ 2050=9,300 Btu per hr. The 
tota’ sensible heat from the birds was 52 (1.00—0.13) 140= 
6,3°! Btu per hr. The sensible heat is taken at an environ- 
mer ‘al temperature of 48.5F, at which point the latent heat is 
13 »er cent of the total(2). This plus the heat from lights 
gav. a total heat production of 6574 Btu per hr. However, 
the difference between incoming and outgoing air showed a 
tota’ of 9,300 Btu: per hr as being removed from the pen. Ob- 
viously such additional heat had to come from solar radiation 
and litter decomposition. 

The solar radiation was determined from readings at the 
Blue Hills Observatory located at Milton, Mass. These showed 
a total of 1680 Btu per hr actually incident on the outside 
surface of the glass. This is based on an average of 250.1 g- 
cal per sq cm per 24 hr for the period December 14, 1948, to 
February 14, 1949. Of the 1680 Btu, part was considered to 
be absorbed by the glass, part transmitted through the glass, 
and part reflected. Handbook sources indicate that, for the 
prevailing conditions, 1462 Btu per hr would have penetrated 
a clean glass. Light meter readings were used to determine the 
reduction in transmissivity due to dust. These gave a final de- 


TABLE 1. POULTRY HOUSE VENTILATION CALCULATIONS 
AND EXPERIMENT RESULTS 


Area, Loss, 
Sq ft U factor Btu/hr deg F 
Exposed wall 496.3 0.083 41.3 
Ceiling 576 0.034 19.7 
Glass 43.7 1.1 48. 
Calculated Experimental 
Floor area, sq ft 576 576 
Bird population 140 140 
Airflow, cfm 267 322 
T; — To, F 10 18.8 
T;, mean daily, F 35 48.5 
To, mean daily, F 25 29.7 
RH,, mean daily, per cent 90 77 
RHo, mean daily, per cent 70 83 
Heat in, Btu per hr (sensible + latent) 
Birds Sensible 6,705 6,334 
Latent 575 946 
Litter Latent 1,013 1,834 
Sensible 0 1,450 
Solar 1,000 1,276 
Lights 0 240 
9,293 12,080 
Heat out, Btu per hr (Sensible + latent) 
Wall loss 1,090 2,050 
Ventilating Latent 2,588 2,780 
Sensible 5,615 7,250 
9,293 12,080 
Water removed, lb per 24 hr 58.2 63.0 
Where 
U = Btu per hr per deg F per sq ft 
I = Inside 
O = Outside 


T = Temperature 
RH = relative humidity 
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termination of 1276 Btu per hr input from solar sources. Allow- 
ing 1276 Btu per hr for the solar radiation heat input into the 
pen, there remains 9,300—6574—1276=1,450 Btu per hr as 
sensible heat from litter decomposition. 


Since the above analysis has considered only the sensible 
heat, it is of interest to note the latent heat sources. The 
water vapor given off in respiration constitutes only a small 
part of the total water which entered the pen. Since the litter 
moisture content of the ventilated pen remained nearly con- 
stant, it is assumed that all of the 63 lb of water given the 
birds per day moved through the fan. The latent heat is 52 < 
0.13 X 140=946.4 Btu per hr. Taking heat of vaporization at 
1044.7 Btu per lb, for a skin temperature of 86F, the water 
given off through bird respiration is 946.4 + 1044.7=0.906 lb 
per hr= 21.7 lb per day. 

Assuming that the remainder of the water, 63—21.7, or 
41.3 lb, enters the litter as a liquid, heat must be supplied to 
it to vaporize it. The litter temperature in the experimental 
pen is not known. However, the least amount of heat which 
could have been supplied was that corresponding to the heat 
of vaporization at the environmental temperature of 48.5F, 
namely, 1065.8 Btu per lb. On this basis 41.3 +24 1065.8= 
1834 Btu per hr required. The heat balance indicates that this 
could have come from no other source than from litter de- 
composition. Table 1 shows original calculations and experi- 
mental results. 


Table 1 indicates that in this case the heat from litter de- 
composition comprised about 27 per cent of the total heat on 
the heat input side of the heat balance equation and over 45 
per cent as much as was supplied by the birds. Such an im- 
portant heat source should not be neglected. Further experi- 
ments may show how to increase this value. 


In addition to data that indicate the importance of litter 
decomposition, other data gave indications of the best place to 
locate the fan. The fan location was kept in the droppings 
pit, but hygrothermograph recordings were made near the ceil- 
ing and near the floor at both the front and rear of the house. 
The recordings showed that, if the air conditions did not 
change after fan installation at any instrument location, then 
the fan location to give the greatest amount of water removal 
for a given amount of heat removal was near the floor in the 
droppings pit. The instruments indicated nearly a constant 
vapor pressure throughout the house. Also a study of the 
psychrometric chart indicates that the wettest location, even 
though it may be the coldest, is the proper one for the condi- 
tion of constant vapor pressure. If no droppings pit is used, 
it is felt that a compromise must be made. The fan intake 
should be close to the wettest place in the house and also in 
the wall opposite the greatest glass exposure. 


The collected data also showed that, for any given period 
of time, the differential temperature between house inside tem- 
perature and outside temperature was essentially a constant. 
On the basis of the above results, a system for ventilating 
poultry houses is being proposed and cooperative projects with 
interested poultrymen is being encouraged. 


Fig. 1 is a chart from which required air flow can be de- 
termined. It is based chiefly on house differential temperature, 
which is a factor readily measured. This groups the effect of 
heat from birds, solar radiation, and litter decomposition, 
thereby evaluating the entire heat input without estimating 
single items. In using the chart, one has to take outdoor tem- 
perature readings and readings inside the building when the 
birds are in it. An average of readings taken at 7 a.m. and 2 
p-m. for 3 or 4 days should be adequate. This will determine 
the house differential, which is nearly constant for a fixed 
number of birds. 


Secondly, a determination must be made on the losses due 
to air infiltration. Air moves in and out of the cracks in the 
building, particularly through window cracks. Handbook 
values for crack infiltration on an average double-hung win- 
dow give 7cuft per ft of crack per hour when the wind 
velocity is 5 mph. This figure becomes 21 cu ft when the wind 
velocity is 10 mph. Other figures indicate that as the wind 
velocity doubles the air infiltration is cubed. The infiltration 
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rate together with the length of window crack gives the 
amount of infiltration air per hour which must be heated. It 
is assumed that all of this is heat loss, for even though there 
may be a reduction in heat loss because of condensation on 
the windows, this heat is given up to a glass surface which 
has a high coefficient of heat transfer. Therefore, heat from 
condensation is rapidly dissipated to the outdoors and can 
have little benefit on raising the temperature of the main mass 
of indoor air. For this reason, in using the chart, the value of 
ventilating air moving through the building is made equal to 
the amount of infiltration air before any change in indoor 
temperature is made. Then the air flow (cfm), whether by 
infiltration or ventilation, plus the house differential gives a 
point on Fig. 1. 


In using Fig. 1, the third and last determination is that of 
the heat loss through the walls and ceiling of the building 
itself. This can be readily determined from the thermal char- 
acteristics of the materials in the building. The heat balance 
equation is no longer Wall Loss+Ventilating Air Loss+ 
Latent Heat Loss= Bird Heat+Solar Heat+ Heat from Litter 
Decomposition of which two factors are unknown, but be- 
comes 


(C+QS) (T,—T,,) =Heat Out=Heat In 


where C = heat loss through walls and ceiling, Btu per hr per 
' F per 100 birds 


T: = Temperature inside, F 
To = temperature outside, F 
S = specific heat of air, Btu per cfm per deg F 


Q = quantity of infiltrating or ventilating air, cfm per 
100 birds. 


Then a line can be drawn through the previously deter- 
mined point. This line should be parallel to the curve on the 
chart which has the proper value of C. 

The plot of “cfm” vs. “differential temperature” in Fig. 1 
is based on a 100-bird unit having a sensible heat production 
of 6500 Btu per hr plus sufficient latent heat production to 
vaporize all outgoing water. Several lines could have been 
drawn for each value of C and varying amounts of heat pro- 
duction. These would have been parallel to the original lines, 
but the overlap on various C value lines would have created 
confusion. The person landing in “no man’s land” when using 
the chart, both in regard to C values and heat production 
within the house, can sketch in an interpolated curve. 


The equation indicates three variables and therefore the 
poultryman has a choice of decisions in order to regulate 
temperature and remove water from the house. He can change 
the number of birds in the house to vary (T1—To)=C, he 
can reduce the C value of the building by adding insulation, 
or he can vary the amount of ventilating air. However, he 
still must move sufficient air through the house to remove 
about 45 lbs of water per day per 100 6-lb birds(3). This 
45-lb water line is indicated on the plot of “water out” vs. 
“cfm”. It seems evident that since this amount of water en- 
tered the house that it must all be removed to maintain dry 
litter. That it will be given up to ventilating air at 35F and 
80 per cent relative humidity is borne out by figures from the 
U.S. Forest Products Laboratory. These figures show an 
equilibrium shavings litter moisture content of less than 17 
per cent for the above conditions. Litter at this moisture 
content would create no problem. 

As an example of the use of Fig. 1, suppose that a poultry- 
man lives in a region such as Amherst, Mass. where the mean 
temperature for the coldest winter months is 25F and the relative 
humidity is 70 per cent. It seems probable that he would wish to 
keep a house differential temperature of at least 12F as a safe- 
guard against freezing in the house. The horizontal dotted line 
in Fig. 1 at the differential temperature of 12 deg indicates the 
desired figure. He then may vary only the items C and @Q in 
the heat balance equation, (C+QS) (T,—T,) =Heat Out= 
Heat In, for he has chosen (T,—T,) =12 F. It is then necessary 
to erect a series of vertical lines to show the cfm per 100 birds 
for the various values of C. Note that the upper end point of 
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each vertical line must be above the 45-lb water line and the 
lower end point must be on or above the 12-deg differential 
temperature line. 

From these vertical lines one sees that this poultry nan 
could use any of the following combinations of C and cfm to 
maintain a 12F house differential and yet remove about <5 lb 
of water per day per 100 birds: 

Water rem ved, 


Cc cfm Ib per day 
100 230 45 
50 298 51 


Once the differential temperature is established, C values 
can be decreased by adding insulation to the building, by in- 
creasing the bird population, or by the use of supplemental 
heat. For example, the house at the University of Massachu- 
setts had a calculated wall loss of 109 Btu per hr per deg F. 
Since this was for 140 birds, the C value was 109+ 1.4=78 
in even figures. By adding 50 birds to give about 3 sq ft per 
bird instead of 4 sq ft, the C factor becomes 109+1.9=- 57, 
Of course, increasing the pen population may also necessitate 
elevating some of the equipment in the house. 


Using insulation alone to obtain the same decrease in C 
factor requires a new value in average wall U factor of 
57+78 of the beginning wall U factor. The beginning av- 
erage wall U factor was 109+1080=0.101 Btu per hr per 
sq ft per F. The new factor would then be 0.101 X57+78= 
0.074 Btu per hr per sq ft per deg F. This means that the 
resistivity was increased from 1000+ 101, or 9.9, to 1000~74, 
or 13.5. This increase in resistivity is 3.6 or is equivalent to 
the addition of more than one inch of insulating board. The 
poultryman arrives at the same C factor either by increasing 
the density of population or by (Continued on page 122) 
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Fig. 1 Air flow chart. In plotting cubic feet per minute vs. differeatial 

temperature, outdoor air is taken at 25 F and 70 per cent rh (rel:tive 

humidity). Wall U factor versus differential temperature is plotte for 

outdoor air at 25 F and 70 per cent rh, and also for OF and 7¢( pet 

cent th. Indoor air is taken at 80 per cent rh. Film conductance is 
taken at 1.65. Figures are for 100 6-lb birds 
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Poultry House Ventilation 
' By J. H. Oliver 


MEMBER A.8.A.E. 


the past two years indicates continued and growing in- 
terest in poultry house ventilation. There is, however, con- 
siderable variation in the recommendations of the volume of 
air required to adequately ventilate a poultry house. This is 
understandable when one realizes that a difference in relative 
humidity of 10 per cent between one location and another 
may easily increase the air flow requirements by 50 per cent 
to remove the same amount of moisture. Poor insulation or 
lack of insulation in the poultry house may make almost. use- 
less what otherwise would be an excellent ventilating system. 
in this article I propose to show the air flow required to 
maintain dry litter under average winter conditions of 70 to 
80 per cent relative humidity and mean temperatures of 10 to 
30 where a well-insulated house is provided. It will easily 
be scen that it is impossible to ventilate an uninsulated house 
adequately and still maintain above freezing temperatures in 
the house at the same time. 

Before going into this in detail, let us state the real ob- 
ject:ves of poultry house ventilation, as follows: 

i To maintain dry litter and a dry house by removing 
daily the excess moisture from the house. 

2 To reduce labor by eliminating the necessity of opening 
and closing windows or ventilators one or more times a day. 

3 To make the house more comfortable during the hot 
summer months. 

Following are some advantages which are by-products of 
the above objectives: 

1 Maintaining a low relative humidity in the house pre- 
vents the absorption of moisture from the air by the litter. 
Most litter material will remain relatively dry where the rela- 
tive humidity of the air next to the litter is 80 per cent or less, 
and will still be quite serviceable where 90 per cent relative 
humidity prevails part of the time. 

2 Dry litter makes possible a saving in labor and material 
by eliminating the necessity of changing the litter more than 
once a year. 

3 Dry litter and fresh dry air combine to reduce the 
spread of disease germs. Sanitation is improved and clean 
eggs generally result. 

4 A relatively constant temperature is maintained in the 
house where thermostat controlled electric fans are used, mini- 
mizing the wide fluctuations of winte® weather. 

5 A dry house increases the useful life of the house itself 
and the poultry equipment inside it. 

6 During summer months when the litter is quite dry, a 
ventilating system helps to remove the dust from the air, 
again helping to minimize the disease problem. 


Most of the articles written on poultry house ventilation 
have described very well the arrangement and location of 
fans(1)*, inlet ducts, how well the house should be insulat- 
ed(2), etc. What I propose to show in this article is that in 
certain locations, that is, where the average mean temperature 
during the winter months is 20F or higher and where the 
telative humidity is 70 per cent or less, fan ventilation can 
keep the house dry; and that where the relative humidity is 
above 80 per cent or the mean temperature is much below 20 F, 
supplemental heat must be added at least a portion of the 
winter if dry litter conditions are to be maintained. 

The values of 20F mean temperature and 70 per cent 
telative humidity have been chosen to be representative of 
average winter temperatures in the northeastern United 
States(3). A second set of charts is included to show what 
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results can be obtained where the average relative humidity is 
80 per cent as in our north central states. 


In order to keep the problem as simple as possible and yet 
make it applicable to any larger size house, I have chosen a 
small house as follows: 

1 A well-insulated house with 400 sq ft of floor area, 
approximately 20 x 20 ft, housing 133 Leghorns or 100 heavy 
breed hens. With this well-insulated house, the heat loss has 
been calculated to be 100 Btu per hour, or 2400 Btu per day 
per degree Fahrenheit differential between inside and outside 
temperatures. Such a house would have walls and ceiling in- 
sulated with at least 4 in of shavings or equivalent insulation 
and would have storm sash on the windows. 

2 The amount of moisture which must be removed from 
the house each day is fairly well established. Repeated tests 
by leading college poultry departments(4), reliable text- 
books(5,6) on good poultry management, and personal ob- 
servations have shown that 6 gal of water per day is required 
to satisfy 100 heavy breed hens which are laying well. Of this 
6 gal, that is, 50 lb of water, approximately 5 to 6 lb are re- 
moved in the eggs gathered. The balance, approximately 45 lb 
of water, must be removed by ventilation, of which about 9 
Ib are given off by the hens breathing, the remainder, 36 lb, is 
contained in the excreta. In addition to this, any moisture that 
comes in with the ventilating air must also be removed from 
the house, so that the maximum relative humidity in the house 
never exceeds 90 per cent and preferably should be kept below 
80 per cent. 

3 Heat is the limiting factor in poultry house ventilation. 
Approximately 217,000 Btu are contained in the 32 lb of feed 
fed the 100 heavy breed or 133 light breed hens per day (109 g 
per day per 4-lb hen) (7). Of this amount, it is estimated that 
each 4-lb hen produces a total of 60 Btu per hour(7 )i.e., 192,- 
000 Btu total for 133 4-lb hens or 100 heavy breed hens per 
day. The 25,000 Btu balance accumulates each day in the litter 
where, under deep litter conditions, decomposition and bac- 
terial action liberate at least part of this heat each day. 

At least another 1000 Btu are added by the morning and 
evening lights in the house. 

We can also expect to benefit from an average of 3 to 5 hr 
of sunlight per day(3). 

From all sources, we can estimate that a total of at least 
194,000 Btu are available for vaporizing the water and heating 
the ventilating air. 

4 To vaporize the 45 lb of water:which may enter the 
house at 40 to 50 F, an average value of 50,000 Btu will be 
used. This will be discharged from the house as latent heat. 
The balance, 144,000 Btu, is the sensible heat available for 
heating the air. 

5 Calculations will cover the outdoor temperature range 
from 0 to 40 F with relative humidities of 70 and 80 per cent. 


Calculations. The house losses in Btu per day and the 
sensible heat available for ventilation in Btu per day are shown 
against differences between house temperature and outside 
ambient temperature. These are as follows: 


Differential between 


House losses, Heat available 


house and outside Btu for ventilation 
ambient temperature per day Btu per day 

OF 0 144,000 

5F 12,000 132,000 
10 F 24,000 120,000 
20 F 48,000 96,000 
30F 72,000 72,000 
40 F 96,000 48,000 


For example, with a differential temperature between the 
inside and outside of the poultry house of 10 F, say, 25 F out- 
side and 35 F inside, there is a house loss per day of 24,000 
Btu, leaving 120,000 Btu available to heat the moist air leav- 
ing the house. 
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Since heat is the limiting feature in poultry house ventila- 
tion, all calculations will be based on heat available under 
different temperature conditions. 

The amount of heat and water contained in the air enter- 
ing and being discharged from the house can be obtained by 
referring to psychrometric charts. Thus by subtracting, we 
can obtain the amount of heat added to each pound of air 
leaving the house and, dividing this into the total heat avail- 
able as outlined above, obtain the maximum pounds of air 
which can be heated per day. 

This weight of air times the gain in moisture gives the to- 
tal water removed each day from the house. Referring to a 
psychrometric chart with the outside air at 25 F and 70 per 
cent relative humidity, this air has 8.2 Btu and 14 grains of 
water per pound of dry air. Now let’s assume that this air is 
exhausted from the house at 35 F and 80 per cent relative 
humidity. The air leaving the house then would carry 12.1 
Btu and 24 grains of water per pound. Thus each pound of 
air exhausted from the house would carry with it an increase 
of 3.9 Btu and 10 grains of water. 

Dividing the 120,000 Btu available with a 10 F differential 
by 3.9 Btu for each pound of air exhausted from the house 
shows that we can exhaust 30,700 lb of air per day, which 
should carry with it 307,000 grains or 43.8 lb of water. At 
35 F and 80 per cent relative humidity, one pound of air oc- 
cupies 12.53 cu ft. Thus to exhaust 30,700 lb of air per day 
would require a continuous rate of 267 cu ft of air per minute. 

Under the above conditions, 43.8 lb of water will be re- 
moved, leaving 1.2 lb remaining in the house each day. The 
litter will have to absorb this or the air flow and moisture re- 
moval can be increased, which will produce a slight drop in the 
house and discharge temperature. 

The results can be seen by referring to the accompanying 
charts. Fig. 1 shows the saailary house temperature that will 
result under different levels of air flow with outside ambient 
temperature from 0 to 40F at 70 per cent relative humidity, 
and with the air being discharged from the house at 90 per 
cent relative humidity. 

Figs. 2 and 3 are more typical of our warmer north central 
states where the air enters the house at 80 per cent relative 
humidity and leaves the house at 80 per cent (Fig. 2), or at 
90 per cent relative humidity (Fig. 3). 
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The next three charts show the amount of water removed 
per day from the house for various conditions of outside ‘em. 
perature and humidity with different levels of ventilation, and 
also the temperature that will result in the house. 

Referring to Fig. 4, where outside air is at 70 per cent 
relative humidity and air is being exhausted from the h use 
at 90 per cent relative humidity, by following the 25 F lire to 
where it crosses the 300 cfm line, it is seen that the poultry 
house temperature should be 33.5 F and that 54 lb of water 
will be removed each day. Since that is more water then is 
put in the house each day, if this rate of air flow continues, 
the relative humidity will drop until a balance is reached 

Fig. 5 shows that the balance is reached when the rel ::tive 
humidity of the air leaving the house equals 80 per cen: at 
300 cfm, and when the outside ambient air has a tempera ‘ure 
of 25 F and a relative humidity of 70 per cent. Thus, 45 |» of 
water are discharged each day, resulting in a house tempera- 
ture of 34 F. 

For lower outside temperatures and the same rate o/ air 
flow, the house temperature will drop and less water wil be 
removed. Moisture will accumulate in the litter and the rela- 
tive humidity in the house will rise. Similarly on days of high 
outside temperature, more water will be removed with the 
higher house temperature. Actually this cycle repeats every 
day with cold nights and warmer days. 

Thus for these regions where winter temperatures average 
around 20 to 25 F and 70 per cent relative humidity, provision 
should be made to ventilate poultry houses at the rate of 300 
cfm per 100 heavy breed hens (3 cfm per hen) if dry litter is 
to be maintained. Sufficient moisture will not be removed 
when discharging at 80 per cent relative humidity at rates as 
low as 1.5 to 2cfm per bird. However, an air flow of 1.5 to 
2.0 cfm per bird will be about adequate if the relative humidity 
is allowed to rise to 90 per cent, although the litter will be 
much damper. 

For those regions where winter weather averages 80 per 
cent relative humidity, Fig. 6 shows that 3 cfm per bird will 
remove almost 47 lb of water per day, when the air is dis- 
charged at 90 per cent relative humidity with a 25 F outside 
temperature, and still have 34 F temperature inside the house. 

It can be readily seen that as the outside temperature rises 
the difficulty of removing the moisture is very materially re- 
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duced. This fact allows us to do one of two things: (a) 
operate the fan with a thermostatically controlled two-speed 
motor, or (b) if a single-speed fan motor is used, provide a 
damper which can be operated either manually or with a small 
solenoid to reduce air flow when temperature drops below 
freezing in the house, and to open the damper wide when 
temperature rises above freezing in the house. 

Thus relatively constant temperature will be maintained in 
the house, and while during the cold parts of the day some 
moisture will accumulate, when the sun shines or during the 
warmer part of the day more moisture will be removed than 
accumulated. Thus over a 24-hr period or a period of several 
days, equilibrium will be reached, provided sufficient air flow 
is maintained while the temperature is warm enough to remove 
the excess moisture. 

From an examination of the accompanying charts it would 
appear that fan capacity should be at least 3 cfm per hen 
when temperatures are high to remove as much moisture 
as possible. When the outside temperature drops and the in- 
side house temperature decreases to 35 F, the air flow should 
be reduced to 1 cfm per bird where zero or below is common, 
and to 1.5cfm per bird where winter weather temperatures 
seldom go below 10 to 20 F. 

For short dips below zero we can expect the house and 
litter to contribute considerable heat to help maintain the 
temperature at or near freezing. 

No details as to fan location and air inlet have been given. 
However, it seems that the best place from which to exhaust 
the air and moisture is from or near the droppings pit. This 
is probably the point of greatest moisture concentration and 
it is desirable to draw the dry air across the litter first to main- 
tain dry litter and across the droppings last, since an excess of 
moisture in the droppings pit will not create the problem pre- 
sented by wet litter on the floor. Unless a good automatic 
watering system is available, it may be desirable to suspend a 
heat lamp over the water fountain to help keep the litter in 
this area dry. It will also prevent freezing of the water foun- 
tains, provided other means have not been utilized. 


CONCLUSIONS 


1 All the water entering the house must be removed daily 
— about ¥4 pint per hen. 

2 Heat must be conserved by adequate insulation if 
above-freezing temperature is to be maintained in the house. 

3 A poorly insulated or uninsulated house can be ven- 
tilated by increased air flow, but with an inside temperature 
maintained only a few degrees above that outside. 

4 Overventilate when temperature in the house is high, 
using 3 to 4 cfm per bird. 

5 Reduce ventilating rate by speed reduction or dampers 
to 1 or 1.5cfm per bird when temperature drops below the 
desired minimum. 

6 This ventilation rate is approximately 1 cfm of air per 
square foot of floor area at the high rate and ¥%4cfm as a 
minimum at the low rate. 

7 Where mean temperatures of 10 F or lower, or relative 
humidity averages above 80 per cent for more than a few 
weeks — beyond the point at which deep litter can absorb the 
accumulated moisture — supplemental heat will be required if 
dry litter is to be maintained. 
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Poultry House Ventilation 
(Continued from page 118) 


increasing the insulation. In other words, many poultry:nen 
can reduce the structure cost per bird by adding more b'rds 
rather than by building more structures or adding more i:su- 
lation to the existing structures. The above figure of 3 <q ft 
per bird is conservative as instances are known where the bird 
density is 1.5 to 2 sq. ft per bird. 

It is believed that the foregoing chart, Fig. 1, is a tool 
which will determine the ventilation requirements for a build- 
ing. It also provides information on the wall U factor needed 
to prevent condensation. This condensation line is plotted «sa 
function of differential temperature for outdoor temperat:res 
of 25F and of OF. This shows that a U factor of 0.31 or less 
is sufficient to prevent frost when the inside air is 25F anc 80 
per cent relative humidity, and the outside temperature is OF. 
It appears that the wall U factor need be only slightly lower 
than that for a double-glazed window, that is 0.45, in order 
to prevent wall condensation in an area comparable to Am- 
herst, Mass. It may be that condensation trouble has been 
caused by failure to move sufficient ventilating air where de- 
signers have neglected the heat obtained from solar radiation 
and litter decomposition. 


In theoretical design one is always faced with the problem 
of condensation on glass areas. In an effort to reduce such 
condensation a sheet metal strip was used at the front of the 
experimental house as shown in Fig. 2. This kept warm air 
from striking and condensing on the windows. It is believed 
that by taking in air on the window side of the building that 
such cold air helps to blanket the windows and reduces con- 
densation. Because of the low velocities it was difficult to 
track the air at all points. Indications are that the circulation 
is as shown in Fig. 2. The difference in air temperature on 
the two sides of the sheet was at least 5 F. 


SUMMARY 


It is considered that Fig. 1 provides information from 
which the ventilation requirements of poultry houses can be 
readily determined. It is necessary to measure the house diff- 
erential temperature, window crack length and estimate the 
house U factor to determine which curve applies to a particu- 
lar house. The choice of a new differential temperature 
determines how much air may be circulated. If this is insuff- 
cient to remove 45 lb of water per 100 birds, then more birds 
must be added or the house construction must be improved. 

It is believed that the fan should be located as shown in 
Fig. 2 and that, if a thermostatic control is used, provision be 
made so that some air is always exhausted. 
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Fig. 2. Air flow in experimental pen 


a 


I eT od ae 


POPPER COTE 


AGRIC! 


I 


progr 
tion ¢ 
in sor 
pro}e 
The | 
rence 
to sol 
at th¢ 
ples 
empl 
kept 
are ¢ 
reseu 
tribut 
wit! 
C 
consi 
agric 
clude 
$0 in’ 
ama 
sidere 
t 
the s 
draul 
writt 
we Ci 
neer 
jobs 
Ther 
“soil 
teria 
tion 
acco! 
varie 
high 
ting 
react 
orga 
age 
cont 
we | 
the « 
qual 
any 
befo 
accu 
is k: 
tion 
forc 
vari 
clas 
the 
sup) 
ope: 
con 
spec 
con 


peer yr ae Ae. oie veg ek Woe. oa i? Be toa 4 Se pets Ba SM SRS Cn eS ee 
ae ue ae co Sa Sees = a. i ee Ve BER, oe ie + REE, ° = 
Rec oe oem ; a OP ee eae Foy pee pare oa St oS fee Lesa ahaee - 
aa rises = “aa ne Brae rs ae * 7 oe ae Ss Z z me ms Ae eS 
RE aa “7 za Get Oty Bers) ae ig ke ee ee r eee 2) eee St met ES aie e Sac Meets Seema: 
ae | Cae eae ay a... ie Seg ar, ee. SSeS ee ORME oc ee pe es Pee Se: ‘atieiRES., «: ee Re TS a, or Aes ee dig ages Mesa 
eee: . Efe) ee eae m : : patie s 
a aa ; 
ae 7 
~~ eae 
se 
om 
4 = es | 
eas Aa 
ey 
.- Pe 
ee. 
: 
— 
= ae 
Ec. 
ee 
ay 
pe te)! 
ara 
ee ame 
ae 
ee gr 
sree 
eee 
ERS : 
ter, 
es idee 
Si ; 
es 
ee 
my ay 
ee 
ae aie 
i a 
<5] 
7 ee 
tthe 
SAY talis 
pe 
sian 
¥ i 
: 
u d 
e ( ' 
$25 
3y | 
2 er | 
Res _ ; 
fox 
j ; 
= ' 
a | : 
Si q 
ae 
need q 
ee 3) : 
ey J 
omrirg 
ie ; 
Bc’ ’ 
ea 
ao. ; 
Aa 
vee es : 
= ; 
Beh ce Coe ee 
E id ee : 
Wiese , 
+ aaa 4 
a PO 
4 ee 
pe a | | 
wo aS 
Bens 
ae 7 = eee = 
\| 
: ‘i Soc: 
: cd - 
. pe ' — sania as ’ q ac 
7 it - 
ak ee oe 7 
= Cree, 
te eee = 
Pee Sch 4 
Be oe : 
ror ‘ 
ae ; 
Vy ee 5 
Bs } 
4 q 
Eee ae — Le EE EE VN Oe aaa . a _ —— 
Fb Rene care ere ee . giclee ve ee, =e p Sie a Ee OMMRERMERS TO eames Pee Py yest 
oie | a Eero t es Ss Senor eee ‘alia is sap ee Bees ye es i Bh ites ei “aie pies ee? eerie ¢ is ; 
sees, en Seopa ae ie or es Spaeth fhe i Ss ih. 
ou BERS tem. idee Fes aba | aed geet, Wee taal Se: rae ep . . whatlee 
2 EAR ae lacs yee et ee Neate Perera sk oh . iar 
JS ae a eee Pee es eee oe eigee Mesa, = 0 7 Pie te 
io’ SSS eee ae i NGO ou ee etl aE ate ease tat 3 eaten ae ae Rn ee 


SR ek 


a 


ee ee 


astiea nies Riedl 


AGRICULTURAL ENGINEERING for March 1950 


Fundamentals in Conservation Research 


By M. L. Nichols 


FELLow A.S.A.E. 


of research in the field of soil and water conservation 

is to develop the technical basis for a sound practical 
provram for the farms and ranches of the nation. The applica- 
tion of conservation science to these lands is well under way 
in some 2200 conservation districts, in numerous flood control 
projects, and in extensive drainage and irrigation enterprises. 
The program of research is therefore largely concerned with 
ren‘ering a direct and immediate service in solving or helping 
to solve rather urgent problems arising in field operations, and 
at the same time developing the basic or fundamental princi- 
ples to permit a wider application than can be secured from 
empirical testing. There is one point that should constantly be 
kep: in mind: the fundamentals with which we are concerned 
are the fundamentals of practical field problems. Academic 
research disconnected with applications of course has con- 
tributed much of value to our progress, but it is not the job 
wit! which we are concerned. 


Conservation of soil and water cannot be achieved without 
considering practically all of the arts and sciences involved in 
agriculture. The general field in which we are working in- 
cludes a complex of physical, biological, and economic sciences 
so interwoven that any material change in one usually effects 
a material change in the others which should be carefully con- 
sidered before extensive application can be undertaken. 

The primary consideration in soil conservation is, of course, 
the soil itself and its reaction to climatic, biologic, and hy- 
draulic forces under various land usages. There is sufficient 
written information about soil to fill many libraries, but when 
we come to search for the precise information which the engi- 
neer needs for application to specific locations and specific 
jobs there is really very little of a quantitative nature available. 
There are two very good reasons for this. First, the word 
“soil” itself is a generic name covering a great variety of ma- 
terials in an infinite number of conditions. Second, the condi- 
tion of any soil at any specific location varies with time and in 
accordance with previous uses. Cecil sandy loam, for example, 
varies from a practically impermeable state to a condition of 
high permeability. Its natural swelling and shrinking on wet- 
ting or drying, heating or cooling, freezing and thawing, its 
reaction to the complex changes brought about by plant micro- 
organisms and animals such as earthworms, its reaction to till- 
age or trampling by animals or vehicles at various moisture 
contents all affect permeability and other features with which 
we are concerned. The researcher must therefore recognize 
the dynamic nature of the soil, which determines not only the 
qualitative but also the quantitative results to be expected from 
any manipulation or treatment. 

Two broad classes of basic information must be developed 
before more efficient conservation practices can be developed, 
accurately evaluated, and applied to the land. The first class 
is knowledge of the forms of manifestation, natural distribu- 
tion, intensity, frequency of occurrence, etc., of the natural 
forces and resistances to be dealt with, as well as the range of 
variation within which each can be manipulated. The second 
class of information deals with the analysis and evaluation of 
the effects and interactions of forces and resistances. These 
supply the basis on which conservation measures are devel- 
oped and evaluated. They also furnish the criteria upon which 
conservation practices must be adjusted and fitted to meet the 
specific requirements of local climatic, soil, and vegetative 
conditions. 


T primary objective of the present national program 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December, 1949, as 
a contribution of the Soil and Water Division. 

The author: M. L. NicHots is chief of research, Soil Conservation 
Service, U.S. Department of Agriculture, Washington, D.C. 


We have attempted to catalogue the main factors involved 
in a general way as forces and resistances entering into soil 
conservation research. This is merely intended as an aid in 
analyzing particular problems, since before highly efficient 
conservation practices can be developed and applied to a 
problem area, the processes involved must be understood in 
terms of the various forces and resistances which constitute 
the process. An analysis of these forces and resistances will 
help segregate the elements of the problem and furnish leads 
to the types of research necessary for its solution. 


OUTLINE OF FUNDAMENTAL FACTORS IN SOIL AND WATER CONSERVATION 


I. Forces involved in soil erosion, sedimentation, runoff, and water use 
and management 
A. Precipitation 

1 Form 
2 Distribution (seasonal, annual, cyclical) 
3 Intensities 
4 Amount 
5 Impact characteristics (drop size, velocity) 


B. Solar radiation as affecting 
1 Temperature 
(a) Air 
(b) Soil 
(c) Water 
(d) Plant (governing evapotranspiration) 


2 Photosynthesis (rate of cover development) 


C. Gravity affecting 
1 Water movement 
(a) Surface 
(1) Sheet 
(2) Channel 
(b) Subsurface movement 
(c) Fluid properties 
2 Ice movement 
(a) In streams 
(b) Mass 
3 Soil movement 
(a) In mass 
(b) In flowing water 
(c) Deposition 


D. Molecular forces affecting 
1 Soil 
(a) Swelling 
(b) Shrinking 
(c) Slaking 
(d) Dispersion 
(e) Drying 
(f) Cementation 
2 Water 
(a) Evaporation 
(b) Capillary (pF) 
3 Soil solution 
(a) Base exchange 
(b) Leaching and flushing 


E. Wind 
1 Velocity and turbulence 
2 Direction 
3 Distribution and duration 


II. Resistance to forces involved in soil erosion, sedimentation, runoff, 
and water use and management 
A. Soil 

1 Size of particles 
(a) Dispersed (texture) 
(b) Aggregated 

2 Structural stability 
(a) Cohesion 

3 Permeability 
(a) Surface 
(b) Subsurface 
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4 Moisture 
(a) Form 
(b) Content 
(c) Temperature 


B. Cover 
1 Snow 
(a) Insulation 
(b) Moisture absorption 
(c) Flow retardation 


2 Vegetal 
(a) Growth characteristics 
(b) Density 
(c) Seasonal protection 
(1) Time 
(2) Season 
(3) Residue 
(d) Evapotranspiration 
C. Watershed characteristics 
Size 
Shape 
Slope — concave or convex, steep or flat, long or short 
Aspect 
Drainage pattern and density 
Geology 


av hwn 


D. Channel characteristics 
1 Shape and area of cross section 
2 Slope 
3 Roughness 
4 Erodibility of bed and bank 
5 Alignment 


It is to be understood that no project will be concerned 
with all of the forces and resistances listed and that for prac- 
tical purposes under certain conditions some are of secondary 
or of small importance. It should also be understood that the 
items of the breakdown are themselves complex and subject 
to a range of variation so that this analysis should be consid- 
ered merely as a general cataloguing of factors to be consid- 
ered in the analysis of specific problems. In practice we are 
forced to determine from field studies and observation what 
appear to be factors of primary influence on the question at 
hand. These must be evaluated singly and in probable com- 
binations, a hypothetical solution developed and experimentally 
tested. In this connection we need both the laboratory analysis 
and statistical approach, with qualitative and quantitative 
measurements. 

From a number of years of experience in conservation 
research throughout the United States there appear to be two 
chief defects in many of our projects. First, many of them 
are so wholly concerned with the immediate need that we 
neglect getting the measurements of physical properties neces- 
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(Left) Building terraces with a Caterpillar motor grader on rolling land in south Texas 
building drainage ditch 34 ft wide at the top and 15 ft wide at the bottom on a farm in Maryland 
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sary for connecting results obtained with one soil under one 
set of conditions to other soils and conditions. Thus, we fail 
to establish an organized body of knowledge, which by deiini- 
tion is science. In many cases we measure general or over-all 
results without even finding out what has specifically happened 
in the experiment to produce such results. If we do not know 
what happens, the why, which is necessary for a real uncer. 
standing, is impossible. 

It is important to analyze carefully our field or plot res ilts 
if we are to arrive at the what and the why. Many of the 
items we generally accept as simple are not simple in fact, 
We say infiltration and permeability are important in prev nt- 
ing runoff and subsequent erosion, but when we analyze tl.em 
we find very complex situations and many unanswered ques- 
tions. How important are soil pores and cracks, root chanr els, 
worm holes, soil aggregates, degree of compaction, rain im- 
pacts, slacking, dispersion or wetting, swelling or shrink. ge, 
moisture content, the pF of various lower layers, mulches or 
canopy effects, plow soles, puddling by wet tillage, the “‘bottle- 
necks” produced by more dense horizons, etc. Obviously, we 
have to build or store up organized information a few facts 
at a time. Each project and experiment should contribute, and 
such contribution should be recorded in such a fashion and in 
such detail as to permit its being useful to the profession. 


The second most common fault of many projects coming 
to my attention is the purely academic approach. The projects 
purport to undertake a so-called fundamental study of this, 
that, or the other subject, which on its face has some connec- 
tion with conservation. Occasionally such projects pay off, but 
if the worker does not at the start have in mind something 
specific for which he is searching, he usually ends up with a 
mass of data which is more confusing than helpful. It may 
contribute to our general fund of information, but in general 
the expectancy of useful results is small. Usually such find- 
ings are impossible to carry over to practical application with- 
out additional research because of missing links. 


In general, our experience to date indicates that it is im- 
portant to progress in soil and water conservation that proj- 
ects which are undertaken be directed at real and important 
field needs of the farmers and ranchers. In some cases the ob- 
jective of projects may be to obtain information necessary for 
the development of new areas for agriculture or for the recla- 
mation of old abandoned areas still capable of producing food 
or feed. The projects should be so organized that the infor- 
mation gathered can be used over as wide an area as possible. 
The basic information obtained should be such that the results 
will contribute to our general knowledge of soil and water 
behavior. We need much more specific information as to what 
happens in, on, and to the soil as a basis for better manage- 
ment, conservation and general land use. 
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(Right) Caterpillar diesel tractor and bulldozer 
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Sealing Farm Ponds 
By H. N. Holtan 


MeMBER A.S.A.E. 


water conservation is dependent upon proper land use 

and adequate water supply. Farm ponds are a key factor 
in this program. Usually the pond is needed at a specific loca- 
tion according to its purpose, but as often happens the soil 
matcrial, a porous or seamy rock outcrop or some other geo- 
Jogi. condition, may make that particular site unsuited to 
present concepts of construction. However, many farmers 
buil! ponds at sites which are considered unsuited for pond 
consiruction simply because the need for water at that point 
is great enough to be worth the high risk of failure. 

‘his procedure results in an increasing number of “dry 
holes”, especially in the limestone areas of Virginia. The Soil 
Conservation Service of the U.S. Department of Agriculture 
and the department of agricultural engineering of the Virginia 
Agricultural Experiment Station undertook a program of re- 
search in 1947 to meet this problem. 

Virginia extends westward from the Atlantic Ocean across 
the coastal plains and over the Piedmont plateau. 

Coastal plains soils are mostly sands and clays, the Pied- 
mont soils are mostly clay, and the ridges and valleys section 
soils are silt loams. These silt loams are often transported 
soils containing mixtures of sandstone, limestone and shale 
origin, depending upon the elevation of occurrence. Less in- 
cise| waterways and frequent rock outcropping in the ridges 
and valleys section are hazards to pond construction which 

This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at East Lansing, Mich., June, 1949, 
on the program arranged by the Soil and Water Division. It is a joint 
contribution of Soil Conservation Service, U. S. Department of Agricul- 
ture, and the agricultural engineering dept., Virginia Agricultural Ex- 
periment Station. 


H. N. HoLtan is project leader, farm pond studies, Soil Conserva- 
tion Service (Research), U. S. Department of Agriculture, Blacksburg, Va. 


Fests comersat of farm plans for complete soil and 


Fig. 2. Laminated pond floor created by direction of earth-moving equipment traffic. In this bag 
type of pond, seepage water has to pass successively through each lamination or layer separately. 
Compare this with the cleavage lines resulting from the usual end-to-end traffic on the fill. 


"CORE WALL TYPE" CONSTRUCTION 


“BAG TYPE" CONSTRUCTION 


Fig. 3 Two concepts in farm pond construction: core-wall type demanding subsurface tight layer, 
and “bag” type wherein a sealed layer over the pond floor and up the face of the dam is created 


are not prevalent in the Piedmont. Frequently it is necessary 
to remove all of the soil above the rock in order to provide 
Capacity in the pond and to obtain earth for the dam. Seamy 
or water soluble rock thus exposed soon causes leaking and 
often failure of the pond. 

The dams at almost all of the ponds visited were designed 
as a core-wall type of structure. In this type of pond a site 
is chosen which is underlain by a layer of clay and the earth 
dam is constructed with a clay core wall keyed into this un- 
derlying layer. Good pond sites are plentiful in the Piedmont 
division but good sites for this type of pond are hard to find 
in the ridges and valleys section. 

As already indicated, farmers are building ponds on sites 
which do not meet the desired specifications. Ponds on lime- 
stone soils usually seal up and hold small heads of water, but 
often when a big rain fills them they blow out. The blowholes 
disclose that the underlying limestone has dissolved, thereby 
forming channels (Fig. 1). Further, it is evident that the soil 
mantle over these channels was insufficient to support the mass 


Fig. 1 Channels developed in limestone underlying a pondsite 


-- 
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of water when the pond was filled. 
Piedmont and shale areas do not 
have underlying soluble limestone, 
hence do not present as much diffi- 
culty with pond bottoms. Failures are 
St usually in the form of leaks through 
~—-— the earth-fill dam. Improper core-wall 
construction is perhaps the largest 
single factor causing seepage in these 
areas. In many cases convenient 
sources of clay for the core wall can- 
not be found. At the insistence of the 
need for a pond at a precise location 
a number of earth-fill dams were con- 
structed without core wall or with a 
core wall of materials other than clay. 
In some cases these were successful 
and in others they were not. 
Engineers tried to compensate for 
this lack of proper core wall by using 
a different direction of earth-moving 
traffic. That is, they believed that by 
repeatedly dragging the earth loads 
up the wet side of the fill, instead of 
the usual end-to-end traffic across the 
fill, a series of laminations would be 
created perpendicular to the path of 
seepage (Fig. 2). The few ponds 
constructed in Virginia using these 
laminations have no indication of 
seepage through the fill. End-to-end 
traffic creates planes of cleavage 
parallel to the direction of seepage 
and interruptions of the work or 
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changes in type of material cause weaknesses along which 
water can seep. 


In summation of the field observations it appeared that 
information is needed on the construction of watertight pond 
bottoms that are physically stable enough to support the 
masses of water over cavernous limestone or porous substrata, 
and also on the construction of core walls from materials 
other than clay. This led to the distinction of construction 
types as illustrated in Fig. 3. The core-wall type is suited to 
areas of unlimited soil mantle that have a definite continuous 
tight layer beneath the surface. The “bag” type of construc- 
tion is suited for use in areas, such as limestone, where the 
soil mantle thickness over porous material is limited, or where 
no tight soil layer is found. In this type of construction a 
watertight layer is arranged or constructed over the surface 
of the pond bottom and continued up the face of the fill. The 
entire depth of the soil mantle is thereby used for support of 
the mass of water, whereas the core-wall type of construction 
gains no physical support from that part of the soil mantle 
lying above the tight layer. 


Review of Literature. Most of the formal investigations re- 
ported are applicable to the core-wall type of construction. 


R. R. Proctor“)* was searching for a substitute for clay 
in the core wall. He found that other soils could be made 
water impervious by compaction, that maximum compaction 
could be obtained only while the soil was at optimum moisture 
content, and that optimum moisture content varied for differ- 
ent soils. He reasoned that the optimum moisture varies with 
the particle size. Proctor developed a technique including 
moisture sampling and the use of his plasticity needle“) which 
provides excellent controls during constructions. Best results 
were obtained with other than clay soils. Clays did not remain 
compacted but loosened up with wetting and drying or freez- 
ing and thawing. 

C. A. Hogentogler‘?) did somewhat similar research for 
application to highway subgrade preparation. He associates 
the optimum moisture for compaction with the relationship 
of the liquid limit of the soil to the other four test constants: 
plastic limit, shrinkage limit, centrifuge moisture equivalent 
and the field moisture equivalent. He classified soils for high- 
way construction by these various soil tests. 


M. L. Nichols‘? relates compaction moisture optimum to 
per cent of colloids present. 


* Numbers in parentheses refer to the appended bibliography. 


TABLE A. 


t MECHANICAL ANALYSES* 


SOIL TYPE AND 
LABORATORY NUMBER 


: Volume 


i] t : $ 
: Sand ;: Colloids: Silt : Clay 
u 2 : 2 2 weight 


per cent per cent per cent per cent 


26.5 : 535 +: 32.5: 41-2 ¢ 


Linside Loam (medium) #1 8 


Leedvale Loam (medium) #2 : 20.8 : $4.6 45.2 : 1.30 : 


Linside Pine Sandy Loam 


(itent) #3 %.l: 3.5 : 1.860 ¢ 


Linside Loam (medium) #4 : 30.2: 25.7 : 1.625 : 


Leadvale Sandy Loam 


Hy 
(medium) #5 z M2: 45.0 : 1.470 : 


Philo Fine Sandy Loan 


: 
(light) #6 : 45.5 : S62 : 25.1: 289.6 : 1.650 2 


Greendale Sandy Loan 
(medium) #7 : 


Greendale Sandy Loam 


t 
(light) #6 : 375 : Sel ¢ 


Greendale Sandy Loan 


(light) #9 46.9: 45.6 ¢ 1.410 ¢ 


Greendale Sandy Loam 


(medium) 10 5.6 : 59.8 : 38.6: 45.8 : 1.615 : 


® Hydrometer #12A-310208 


TEXTURE, MAXIMUM DENSITY AND OPTIMUM MOISTURE OF SOME SOILS COMPACTED UNDER VARIOUS APPLIED LOADS 


b/ sq in 
: Optimm : Volume 
z moisture : weight 
per cent 


25.8 : 1.552 : 
i 


3.0 + 1.440 


25.6 : 1.600 ;: 


20.7 : 1.690 
26.0 : 1.495 
Si ase sessment esac 
18.5 : 1.750 : 
25.7 : 1.520 : 


20.9 : 1.650 : 


26.9 : 1.470 : 


18.0 : 1.725 : 
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B. G. Zimmerman‘) found that the optimum mois‘ure 
was further affected by compaction load. Greater loads 
achieved maximum compaction at a lesser moisture content 
than did lesser loads. 

Free et al‘) reported “It is evident that the dominant fac- 
tors determining the compaction of soils are (a) the mazgni- 
tude and nature of the compacting forces, (b) the mois ure 
content of the soil, (c) the degree of compaction of the so | at 
the time the compacting forces act on it, and (d) those more 
stable characteristics of the soil, such as texture, org inic 
matter, etc.” 

No reference was found covering effects of head of w ater 
or thickness of soil layer upon permeability after compaction, 
These factors together with compaction load are of primary 
significance in the application of the compaction principles to 
the bag type of pond where the entire pond floor is to be treated, 

Magazines published primarily for rural circulation »ro- 
vide many references to individual cases of sealing a ponc by 
some chemical treatment of the bottom. They are mostly cut- 
and-try methods without benefit of a well-designed and con- 
trolled study of factors involved. Applicability of these 
methods to other ponds is usually questionable. 

Bentonites are popular as a soil sealer. As indicated by 
B. F. Powell, U.S. Forest Service‘®), they must be carefully 
applied. Concentrations of bentonite due to improper mixing 
or too heavy an application cause weak spots in the soil which 
will blow out under pressure of greater heads of water. Some 
producers of bentonite have data sheets‘?) obtainable on re- 
quest which aid in the determination of the proper application 
of their product. They stress the importance of amount and 
“grade” applied, thorough mixing with soil, and the subse- 
quent packing of the pond bottom. Blanket applications and 
sprinkling from a boat onto the water surface are recommend- 
ed for some conditions. The grade of bentonite to be used 
depends upon the method of application, the depth of water 
anticipated, and the texture of the soil. The amount is deter- 
mined by simple field tests. 

“Clay bonding” is an expression which is becoming promi- 
nent. It describes a textural mixture in which sand comprises 
the bulk of the mass (70 per cent or more), thus giving it 
load-bearing capacity. A small to moderate proportion of clay 
(5 to 30 per cent) is used to seal, and silt is included as 
needed to improve the gradation of particle sizes. Seaman 
Motors‘®) published a rather comprehensive discussion of field 
application of the principles of soil gradation. The Portland 
Cement Association‘®) presents this material both in the labo- 


COMPACTION UNDER VARIOUS LOADS AT OPTIMUM MOISTURE 

00 1b/ sqin :_ 150 1b/ eg in: 200 1b/sq in: 250 1b/sq in 

: Optimum ; Volume : Optimum: Volume : Optimm: Volume ; Optimzm 
:_ moisture : weight : moisture weight : moisture: weight : moisture 


per cent per cent per cent per cent 


2.0 : 1.600 : 22.5: 1.620 : 22.5 : 1.640 : 22.5 


27.5 : 1.487 : 26.0: 1.517 : 25.5 : 1.543 : 25.0 


21.8 : 1.645 : 21.0: 1.670 : 20.5 : 1.697 : 20.0 


1965 : 1.725 : 19.0: 1.745 : 19.0 : 1.765 : 19.0 


24.0 : 1.680 : 22.5: 1.615 : 22.0 : 1.639 : 


17.5 : 1.760 : 17.5: 1.7900 : 17.55 : 1.790 : 


SS  —  —- 


24.9 : 1.555 : 24.7: 1.862 : 24.5 : 


20.9 : 1.665 : 20.8: 20.7 : 


1.662 : 


26.5 : 1.4698 : 26.2: 1.518 : 25.9 : 1.535 : 25.8 


17.6 : 1.%0 : 17.72 1.780 + 17.5 : 1.790 : 17.2 
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ratory and in the field application 
hases. J. R. Haswell(° found that 
soils of high clay content broke down 
to monoparticle masses under con- 
tinued wetting and that they showed 
the most checking under wetting and 
drying. Sands with just enough clay 
to bond (9 to 10 per cent in his case) 
showed the least effects of continued 
wetting or of wetting and drying. 
Clay-bonded sands were also harder, 
as indicated by penetration of a knife- 
edge, than other mixtures. 

Many references were scanned but 
only those principles, methods or ma- 
teriais which would fall within the 
ecoromic limits of the average farm 
pon: are included herein. Soil cement, 
bituninous pavings, oils, jells, etc., 
appear to be beyond the economic 
limits and facilities of the small op- 
erat‘ons concerned. 


LABORATORY STUDY 
Soil Compaction. Soil compaction 
is considered the most basic method 
of sealing soils found in the litera- 
ture. It uses the soils without additives and achieves its result 
purely by manipulation. Also, it appears to be the usual rec- 
ommended supplement to other methods of sealing. 


Tests and controls so readily applicable to large reservoir 
or highway construction are considerably beyond the econom- 
ics and facilities available for the construction of farm ponds. 
Consequently it was necessary to repeat the maximum com- 
paction — optimum moisture work of others in order to derive 
some simple rule-of-thumb approximation of optimum mois- 
ture for use in the field. Also, more information is needed 
concerning the compaction achieved under applied loads rang- 
ing from 50 psi to about 250 psi. 


The compaction unit (Fig. 4) consists of a 35-in diameter 
automobile piston and cylinder activated by a hydraulic jack 
with a pressure gage tapped into its fluid chamber. Pressure or 
load was computed at the piston face rather than in the fluid 
chamber of the jack. The cylinder is closed at one end and 


Epecare: cen rremens 
; « B 


Fig. 4 Soil compaction 
unit 
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equipped with a scale on the outside to measure depth in the 
cylinder. The piston is fixed in an inverted sling above the cylin- 
der and has a rod indicator which operates outside of the cyl- 
inder upon the scale to indicate the position of the piston face, 
and subsequently the volume of the sample being compacted. 

Five-hundred-gram samples of oven-dry soil were prepared 
in triplicate at an approximate starting moisture of 10 per cent 
dry weight. These triplicates were allowed to stand over night 
before being compacted. Moisture content was accurately de- 
termined by weighing the sample after placing in the com- 
pressor unit. Load was applied and volume of the sample 
was read, after reaching equilibrium, at each of 50, 100, 150, 
200 and 250 psi compaction loads. Triplicate samples were 
used at this starting moisture to determine their similarity of 
behavior in compression. If they were truly replicates at this 
first moisture, they were thenceforth considered as identical 
and prepared at alternate moistures, usually in 3 per cent 
steps and compressed again. The procedure was repeated until 
the point of maximum compaction (optimum moisture) was 
well passed. Optimum moisture is used herein to indicate that 
moisture content at which maximum density is achieved by 
each compaction load. 


Curves of density-moisture relationships are of the type 
illustrated in Fig. 5. It is evident that there is a very definite 
moisture for maximum compaction at a given pressure. Table 
A presents the mechanical analyses of each soil, the maximum 
volume-weight achieved by each compaction load, and the 
moisture at which the maximum volume-weight (density) was 
obtained. 


Optimum moisture as well as the maximum density varies 
with compaction load and varies between soils. An arithmetic 
plotting of maximum density versus optimum moisture for a 
given load applied to various soils indicates a nearly perfect 
lineat relationship. However, the mechanical analysis could 
not be related to density or moisture. 


At a given pressure (Fig. 5), compaction is facilitated up 
to a certain point by lubrication due to increased thicknesses 
of the moisture films on the soil particles. This lubrication 
permits the soil particles to move together into the closest 
possible arrangement. Increased density reduces the pore size 
and increased moisture thickens the moisture films until the 
pressure is sufficient to overcome the surface tension and free 
water is extruded. This free water is slow to escape from the 


PERCOLATION RATES OF SOME SOILS UNDER VARIOUS HEADS OF WATER AFTER COMPACTION AT OPTIMUM MOISTURE UNDER VARIOUS APPLIED LOADS 


SOIL TYPE AND 
LABORATORY NUMBER 


PERCO ON RATS UNDER VARIOUS HEADS 
S0_1b/eq in Compaction load = 00 1 b/ag. in Compac 
h 3 O : in/br : D 


: in br n/hr 
Linside Loam (medium) from lodi #1 76 3 ° ° i 2204 ° ) 2026 : ° : ) : C) 
1212 : A C) 3 2243 2 : C) 3 C) C) 
Ss 1 2 t 3 a ° 3 3 3 0) t A : 
Leadvale Loam (medium) from Jefferson $2; 6 : ) : 2008 2 2072 2 C) 3 0) 2 ° 3 ° 2 ° 3 ° 
: pe 3 () : 2OLe 3 2032 A 0) A 6 t C) 3 6 A 0) A 6 
1 24 n A 2 C) 1 : 3 : : : 
Linside Fine Sandy Loam (light) fron : «i : ° : 2138 2682 t) 2104 : ° ) A ©° 0 
Lodi #3 :_ie 3 o 6 2023 ° 0 3 ° 0 0 3 0) 
3 3 [) 0) ° Y) 
i) 
0) 
Leadvale Sandy Loam (medium) fron o 
Berks #5 
0) 
Philo Fine Sandy Loam (light) from ° 
Jefferson #6 
C) 
Greendale Sandy Loam (medium) from o 
Groseclose 0 
C) 
) 
i) 


Greendale Sandy Loem (light) from 
Groseclose #8 


Greendale Sandy Loam (light) from 
Sroseclose #9 


Greendale Sandy Loan (medium) from 
croseclose #10 


* one tube only; replicate blew out under 30-ft head 
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Fig. 5 Typical maximum density-optimum moisture relationship curves 
for various applied compaction loads 


inner portions of the soil sample and hence retards further 
compaction. Additions of more water above this optimum re- 
sults in further obstruction to compaction. 

This explanation is a result of early tests wherein a filter 
was placed in the bottom of the compaction cylinder and an 
escape was provided for free water. It was found that the 
greatest density for a given compaction load was obtained when 
the sample was prepared at saturation and the compaction load 
was applied until water ceased to exude. As an example, if 
the soil in Fig. 5 were prepared at 3214 per cent moisture and 
compacted under 250 psi load, free water would appear shortly 
after application of the load. If free escape were provided for 
this water and the load were continually applied until no more 
water exuded, the resulting density would have been some- 
thing greater than the present maximum of 1.64. The final 
moisture content would have been something less than the 
present 22 per cent optimum. In other words, the soil particles 
would have had the full benefit of the lubrication at saturation 
without the obstruction of free water. This early test proce- 
dure was discarded because free escape for water would not 
be reliable in the field, and also compaction loads could not be 
continuously applied over a sufficient period of time to permit 
this escape. 

Further substantiation of the water-obstruction-to-compac- 
tion theory lies in the tendency (Fig. 5) of the curves on the 
wet side of optimum moisture to follow a common path re- 
gardless of compaction load. Since water cannot be compact- 
ed, the load magnitude is of no significance in this range. 

For practical purposes, optimum moisture content is that 
amount of moisture affording the maximum lubrication of soil 
particles but not sufficient to obstruct compaction. It is the 
moisture just short of that which would exude free water 
under the compaction load applied. In the laboratory this was 
attained by saturating a sample, compacting until free water 
appeared (if at less than desired load), and draining over 60 cm 
of tension. Usually one such initial partial compaction and 
about 12 hr drainage permitted final compaction without ap- 
pearance of free water. The 60cm is believed comparable to 
field drainage tension. 

Field personnel could recognize the optimum moisture con- 
dition approximately as too wet for good tilth, but not wet 
enough to exude free water during the compaction process. 
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Previous work on permeability of compacted soils is di- 
rectly applicable to core-wall construction, but the bag type of 
pond bottom introduces several new problems in application: 

1 The permeability of a compacted soil after removal of 
the compaction load 

2 The effect of various compaction loads on permeability 

3 The effect of head or depth of water on permeability 

4 The thickness of soil mantle needed to seal and suport 
various heads of water 

The permeameter shown in Fig. 6 was designed and con. 
structed to permit application of any desired head of water to 
a number of samples simultaneously. Head is indicated by the 
pressure gage and the public water system is used as a source, 
Early tests proved the need of a pressure stabilizer since 
pressures in the line varied almost constantly due to with- 
drawals by users in other parts of the building. 

An ordinary household commode valve was converted to a 
single-beam weight valve (Fig. 7). By setting the water-line 
faucet to permit a slight excess of water over that neede to 
supply percolation through the samples, a continuous waste 
through the weight valve is arranged. Position of the weizhts 
on the beam then determines the pressure this waste has to 
overcome to escape. This pressure due to the weights has to be 
equal to or slightly greater than any drop of pressure occurring 
in the line from consumptive use in other parts of the building. 
Settings are readily made by cut and try. The faucet setting is 
a matter of experience; too great a waste creates turbulence 
in the irregular conduit through this particular unit which dis- 
rupts the smooth action otherwise obtained. 

Thus controlled, the water pressure is piped to each of 
twelve samples through the distribution system on the top of 
the permeameter (Fig. 7). Each sample can be cut in or out 
of the system by means of individual valves. 

Samples in cylinders are clamped beneath the table top to 
the flange, using a rubber gasket, at the end of each water 
line. The clamp consists of two rods, adjustable up to four- 
foot length of sample, with a funnel plate and crossbar as its 
base. Thumbscrews in the crossbars are used to move the fun- 
nel plates upward between the rods thus pressing the soil cyl- 
inder tightly against the gasket. Pails are hung on the thumb- 
screws to catch the percolate emerging from the funnels. 


Fig. 6 The permeameter. The sample at extreme right shows the 

crossbar, thumbscrew and funnel plate. The funnel plate slides freely 

on the two rods thus clamping the sample to the gasketed plate om the 

table top. Holes through the table permit direct contact betweer. the 
sample cylinder and the plate gasket 
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Fig. ’ Pressure stabilizer made by converting a household commode 
float valve to a single-beam weight valve 


Open-end cylinders were constructed of 22-gage galvanized 
iron 4-in diameter, with lock seams soldered and smoothed 
on the inside. They vary in length from 6, 12, 24, 36 to 48 in 
to represent equivalents of soil mantle thickness in the field. 
The applicability of these laboratory-packed samples to field 
concitions appears valid when it is considered that the soils in 
pon: bottoms will also be manipulated soils. 


The compaction unit is adaptable to use with these 4-in 
diameter cylinders. The piston is exchanged for one of proper 
size and the adjustability of the sling holding the piston is 
used to capacitate various length cylinders. A steel plate is 
used between the sample and the jack since these cylinders are 
open end. Toweling is folded and placed beneath the sample 
to prevent the moist soil from oozing out under compaction. 
Similarly toweling is placed ahead of the piston face to pre- 
vent oozing and also to avoid a troweled effect on the soil sur- 
face, from the smooth flat piston face, which might affect 
permeability of the soil sample. 


Convenient pond sites in the ridges and valleys section of 
Virginia almost always occur on alluvial or colluvial soils. 
Samples of these soils were taken to represent origins from 
standstone, limestone, and shale. Textures range from fine 
sandy loams to loams. These soils are presently viewed with 
skepticism for pond construction. They are, however, within 
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Fig. 8 Average percolation rates of ten soils of various thicknesses with head of 
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the textural range of soils successfully compacted by Proctor‘) 
for core-wall construction. 

Procedure of the compaction-permeability tests constituted 
a search for the lowest compaction load and the least soil 
mantle thickness needed to render each soil impervious under 
various heads of water. All samples were prepared in dupli- 
cate. Testing began with a 6-in sample compacted under a 50 
psi load placed under a 714-ft head of water. If no percolate 
appeared at the end of an hour, the head was increased to 
15 ft and subsequently, at the end of another hour, to 30 ft. 
These heads of water represent the usual range encountered in 
farm pond design. 


If the sample was other than impervious under any or all 
of these heads, it was drained and recompacted at 100 psi and 
resubmitted to the three successive heads of water. The maxi- 
mum load which could be dependably obtained in the field 
was estimated at 150 psi. Therefore, if the 6-in sample still 
leaked after this compaction, for any or all heads, the test was 
tepeated using 12-in samples. The thickness of mantle was in- 
creased as needed from 6, 12, 24, 36 to 48 in. When the low- 
est successful combination of compaction and mantle thickness 
had been determined, it was tested again the following day 
for stability of compaction, i.e., stability of the seal. 

Data from these tests are presented in Table B. Several 
distinct trends are of special interest in this table: 

1 Percolation varies directly with head of water for each 
mantle thickness, compaction load, and for each soil type. 

2 Percolation varies inversely with thickness of mantle. 

3 Percolation varies inversely with applied compaction 
load. 

4 There is a very significant difference in the mantle 
thickness and the compaction load needed to seal the various 
soils. 

The first three observations are clearly illustrated, by using 
averages of all soils, in Table C and in Fig. 8. 


TABLE C. AVERAGE PERCOLATION RATES OF TEN SOILS OF 
VARIOUS THICKNESSES AFTER COMPACTION AND 
UNDER VARIED HEADS OF WATER 


Mantle Compaction load Head of water 
thickness, SOPSL, 100PSL, 150PSL, 74% ft i15ft 30ft 
in in/hr in/hr in/hr in/hr in/hr  in/hr 
6 0.342 0.098 0.032 0.017 0.114 0.339 
12 0.184 0.077 0.023 0.013 0.067 0.204 
24 0.085 0.024 0.008 0.004 0.020 0.094 
36 0.029 0.014 0 0 0.012 0.031 


It becomes obvious that mantle thickness, com- 
paction load, and head of water are very definite 
factors to be considered and used in construction 
of pond bottoms. 

The manipulation and extent of application of 
these factors have not been successfully associated 
with any ready soil criterion as yet. L. D. Baver‘+) 
and others found a relationship of permeability 
to pore size, but this is not considered a readily 
discernible criterion for field use. For the present 
it appears advisable to include compaction, mantle 
and head studies as a laboratory service performed 
upon request from the field. Such a service is 
being considered at Cornell University for the 
vicinity of Ithaca, N.Y. At Blacksburg, Va., 
samples are brought in for testing in the labora- 
tory from prospective pond sites having special 
research interest. As more data accumulate, 
periodic analyses may reveal a basis for field 
determinations. 

Two of the samples brought in from the field 
represent the near extremes of soil texture, i.e., 
clay and sandy loam. Mechanical -analyses indi- 
cate the texture of the clay to be 32.8 per cent 
sand or larger, 23.5 per cent silt, and 43.7 per 
cent clay. The sandy loam was composed of 76.9 
per cent sand or larger, 13.4 per cent silt, and 9.7 
per cent clay. Twelve-inch columns of soil, com- 
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pacted to seal against 30 ft of water, were tested repeatedly 
over a period of time to observe the stability of the compac- 
tion seal. Results of these tests are compared in Table D. 


TABLE D. COMPARISON OF STABILITY OF COMPACTION 
ON A CLAY SOIL AND A SANDY LOAM 
Compaction Percolation 
Date and 
condition Load, psi 
7/ 8/48 100 
Kept wet 


Soil Soil 
no. type 
11 Clay 


Date Head, ft Rate in/hr 
7/ 9/48 30 0 
7/10/48 ss 0 
8/12/48” 0.58 


8/30/48 


9/14/48 
10/ 1/48 


8/29/48 
Kept wet 


12 Sandy loam 150 


The sandy loam fits very nicely within the specifications of 
“clay bonding” as described in the literature‘®). 


The 76.9 per cent sand provides the strength to support 
the mass of water and the silt improves the gradation of par- 
ticle size needed to facilitate bonding by the clay. Clay is 
needed only in sufficient quantity to bond the particles of the 
mass together. It appears that for this combination of this 
particular sand and silt 9.7 per cent clay is sufficient to per- 
form the bonding, and further that this amount of clay and 
silt is not excessive enough to separate the sand particles and 
thereby weaken the supporting capacity of the sand. 


The loosening up and subsequent seepage of the clay after 
a month’s time bears out Proctor’s‘!) and Haswell’s‘ con- 
clusions concerning clay soils. Excesses of clay absorb water 
which separates the particles thus causing a decrease in density 
of the soil mass. Lubrication by this water between the clay 
particles weakens the supporting capacity of the soil. 


Dispersion of Soils. Numerous requests, suggestions and 
recorded instances concerning the use of chemical dispersion 
agents for sealing soils are on hand. Chief among the reputed 
dispersing agents is salt (NaC1). Investigations in the labora- 
tory revealed no dispersion whatsoever, of the soils herein con- 
sidered, by using sodium chloride. Theories and facts of soil 
dispersion are very thoroughly covered by Baver‘'). His dis- 
cussion of the methods of removal of flocculating ions and the 
subsequent peptization of the colloidal particles to effect dis- 
persion should be consulted by anyone entering 
this phase of soil sealing. 

In the laboratory some soils were quite 
thoroughly dispersed by merely working them 
with water as a paste. Sodium hydroxide, sodi- 
um carbonate, sodium oxalate, and sodium sili- 
cate in the proper solutions were the most 
reliable agents for application to all of these 
soils. Each of these presents a problem of 
handling in application to the field, but they 
were used in the laboratory study because of 
their reliability. 

It was found that, when chemically dis- 
persed, these soils gave less percolate than when 
aggregated, but the dispersed soil could not be 
rendered completely impervious to greater 
heads by compaction as could the aggregated 
soil. Some mantle thicknesses compacted to 
seal under appreciable heads of water in the 
aggregated state blew out when similarly treat- 
ed after being dispersed. Apparently the dis- 
persion weakened the structural stability needed 
to support the weight of water. Other dispersed 
soils which did not blow out failed by not 
remaining compacted. They loosened up and 
yielded percolate after standing over night. 
According to results obtained in the laboratory, 
dispersion agents would reduce seepage but 
would not provide a complete seal. Further, 
they should not be used in a limited soil mantle 
thickness, especially under appreciable heads of 
water since they tend to weaken the physical 
stability of the soil. 
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Bentonites. Bentonites have been much misused and con- 
sequently misjudged by many users. They have been applied 
as a “magic wand” without due consideration of amount, 
“grade”, or method of application. Just like any other prod- 
uct, bentonites should be applied according to the instruc ions 
and recommendations of the producers. Laboratory work at 
Blacksburg, Va., does not provide answers to all of the ques. 
tions arising out of the use of bentonites but results do indi- 
cate the seriousness of indiscriminate applications. 


Bentonite clay 200 mesh-fine was mixed dry in various 
amounts with a 5-in layer of soil. The sample was then w«tted 
and compacted at optimum moisture under a 50-psi loac. A 
head of 30 ft of water was used for all permeability ‘ests, 
After being tested, each sample was removed and puddled to 
provide a comparison of compaction and puddling <s a 
method of application. 

Table E presents results of these tests. The soils usec are 
the same as those of Tables A and B with the addition of clay 
and the sandy loam of Table D. Successful applications for 
these soils ranged from ¥ lb per square foot of surface to as 
much as 114 lb if compacted and 2 lb per sq ft if pudcled. 
In tons per acre of pond surface, this would be equivalent to 
11 tons, 33 tons and 44 tons, respectively. At present no asso- 
ciation has been developed between amount of application and 
any given charactertistic of these soils. 

Puddling usually requires more bentonite to seal a soil 
than was needed if supplemented by compaction. A very defi- 
nite tendency was noted toward blowing out, as the amount of 
bentonite was increased beyond the optimum application. This 
was particularly evident in puddled soils. 


SUMMARY AND CONCLUSION 


1 A new concept in pond construction is needed for those 
areas unsuited to the core-wall type of pond. The “bag’’-type 
construction of Fig. 2 is adapted to areas of limited soil mantle 
and areas wherein no reliable subsurface tight layer can be 
found. 

2 R. R. Proctor et al have proved that soil manipulation 
is very effective in sealing soils to be used in the earth fill. 
Complete instructions for application of these principles are 
available). 

3 The laboratory work herein (Continued on page 133) 


TABLE E. MIXED BLANKET APPLICATION OF BENTONITE AND RESULTING 
PERMEABILITY UNDER A 30-FT HEAD OF WATER AT 


50 psi COMPACTION LOAD 
Percolation rate after various applications of Bentonite 
in pounds per square foot of surface* 
% 1 1% 1% 
in/hr in/hr in/hr in/hr 
0.006 
0.002 
0.025 0.043 
0.049 Sars one J 0 


0.037 0.079 
0 0 


1% 2 
in/hr in/hr_ in/hr 
0.031 
0.030 


0.052 


0.026 
0.030 
Blew 
0.121 
0.004 
0.192 
0.116 0.036 
0.984 0.376 
0 0 
0.665 0.096 
0 0 
0.052 0 
0.027 0.094 
0.022 0.002 
0 0 
0.180 0 
0.140 0 


0.016 


0.002 
0.022 


0.003 
0.004 
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F THE many unexplored phases of hay drying, the 
distribution of air is probably the number one problem 
today. One of the reasons why little research has been 
done on this phase is that the methods of measuring the ve- 
locity of the air leaving the drier have been inadequate. H. D. 
Bruhn, in an article in AGRICULTURAL ENGINEERING, (April, 
1946 ), said “With available instruments it is only possible in- 
directly to determine air velocity and direction in a mow of 


— 
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Fig. 1 


Distribution of Air on a Hay Drier 
By E. F. Olver and A. W. Clyde 
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hay.” Several methods of measuring the air velocity are com- 
pared in this study. 


In Pennsylvania most of the barns are divided into narrow 
high haymows, the average size being 20 ft wide, 40 ft long, 
and 16 ft in height. In some other sections of the country 
much wider and lower mows are common and a much more 
elaborate duct system is required. With the narrow mow the 
duct work usually consists of a single, high, main duct in the 
center of the mow. Therefore, much of the information in 
this article is based on a model hay drier with a single duct. 


In cross section the model in Fig. 1 was made half the 
size of the average Pennsylvania mow. Dry timothy hay, 
chopped to a theoretical length of 34 in, was put on the drier 
and packed thoroughly. The backward curved fan was used 
with a variable-speed drive, powered by a 3-hp motor. An 
inclined manometer was used for measuring static pressures. 


The first device used to measure air velocity was the smok- 


Peepers cor ccm 


(Upper left) Model hay drier, 10 ft wide, 10 ft long, and 8 ft high. Two main ducts were used: one 3 ft high, 2 ft wide, the other 7 ft 
high and 2 ft wide. The end of the duct was 2.5 ft from the end of the mow, and it was airtight for 2.5 ft next to the fan e@ Fig. 2 (Upper 
right) Smoking apparatus. Air was blown into two bottles, one containing HC1 and the other household ammonia. The fumes from these two 
bottles traveled through two rubber tubes connected to two metal tubes, which were put into the hay side by side. When the fumes combined in 
the hay, a white smoke was formed e Fig. 3 (Lower left) A velometer records the velocity of a small area. To obtain the average velocity 
of a arger area, many readings must be taken. The air moves straight through the meter and moves a vane which registers the reading e Fig. 
4 (Lower center) Anemometer and funnel which did not prove very successful for measuring low-velocity air on a hay drier e@ Fig. 5 (Lower 
right) Hot-wire meter employs the principle of the heated thermocouple and consists of a direct-reading meter and an air velocity sensitive probe 
attached by a flexible cable. The sensitive part is at the end indicated by the arrow. 
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ing apparatus, Fig. 2. The operator blew the smoke into the 
hay. The air from the fan, moving through the hay, blew the 
smoke through the plastic cylinder where it was timed for a 
distance of 3 ft. The cylinder was 4 ft long and 12in in 
diameter. 


The following difficulties were encountered with the use 
of the smoke apparatus: 


1 Any room drafts caused “chimney effects” and varied 
the readings tremendously. 


2 Since air does not flow evenly from the hay, smoke 
entered the cylinder at various rates at different points and 
confused the operator. 


3 It was very difficult to follow the first tip of smoke, for 
many times it would disappear before the end of the cylinder. 


4 The smoker could not be used on high velocities be- 
cause of the inaccuracy in correctly timing the smoke. Exces- 
sively low velocities were next to impossible to time because 
the smoke became turbulent before it reached the end of the 
cylinder. Probably the easiest velocities to record were be- 
tween 15 and 30 fpm. 


5 It was impossible to use the smoker near the fan be- 
cause the smoke was pulled from the cylinder by the fan. 


In general, this method of determining air velocity took a 
long time and gave a wide variation in readings. 

The second instrument used for air velocity measurement 
was the velometer, shown in Fig. 3. It was the easiest instru- 
ment to use, but was not accurate below 20fpm. The read- 
ings are read directly in feet per minute, and the instrument 
can be used for velocities as high as 2500 fpm. 

The third instrument employed for air velocity measure- 
ment was the anemometer which measures feet of air passing 
through it and is timed to obtain feet per minute (Fig. 4). This 
instrument was practically worthless for the measurement of 
air as it leaves the hay, for these velocities are seldom great 
enough to move the propeller in the anemometer. Velocities 
much ktelow 50 fpm did not operate the anemometer to record 
a reading. 


A funnel was also used in an attempt to increase the read- 
ings of the anemometer to a point where the anemometer 
would register a reading, regardless of how small the amount 
of the air issuing from the hay. The funnel helped somewhat, 
but the combination was still inadequate for this work. The 
subject of funnels will be discussed later in this report. 


The last method tried for air measurement was the hot- 
wire meter or thermoanemometer as shown in Fig. 5. The hot 
wire is located in the small opening near the tip of the probe. 
It measures the air velocity feet per minute at a very small 
point. A different reading could be obtained from almost any 
spot. It was next to impossible to produce a constant average; 
therefore, the use of this instrument alone was not feasible. 


Since this meter could not satisfactorily be used alone, 
three different funnels were used with it. On one funnel the 
large end had twice the area of the small end. Another fun- 
nel had the large end ten times larger, and on the third the 
large end was five times the area of the small end. The latter 
gave the best results. 


A funnel has the effect (usually desirable) of averaging 
spots of high and low air flow. It also has the undesirable 
effect of setting up resistance 
and of causing some air to by- 
pass the funnel and not be 
measured. For this reason a 
funnel with an area ratio of 
5 to 1 does not give a reading 
five times as great as the ve- 
locity at the hay surface. The 
air in the funnel is accelerated 
and a rise in static pressure 
near the hay surface is re- 
quired to cause the accelera- 
tion. This may be expressed 


Diam.= 7.16" 
Area = 40.2sq" 


30" 


Diam. = 16" 


as an energy loss, ¥% mv?. As Fig. 6 Sheet metal funnel used with 


the velocity increases, the en- the hot-wire meter 


Area = 20Isq° 
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ergy needed to give acceleration in the funnel increases as 
the square of the velocity. For this reason, it is to be ex. 
pected that more air is lost around the edge of the funnel at 
high velocities than at low. Previous experiments with a 
known air flow had shown definitely that a funnel cause. by. 
passing, and that the amount of by-passing is quite var’ able. 
A fixed proportion, therefore, does not exist between the fv nnel 
readings and the true velocity. In spite of this, the funr el is 
believed to be valuable. 

A funnel was needed that would give a reading on th» ac. 
curate range of the instrument scale for the lowest spee:'s of 
air flowing from the hay. The smallest funnel, ment: ned 
above, did not raise the lowest air speeds from the drier -uff- 
ciently to be read on the meter. The largest funnel incr: ased 
the readings more than necessary, which probably meant ‘here 
was a greater proportional variation in the low and high ead- 
ings when using the largest funnel than when using the « ther 
two. Fig. 6 shows the dimensions of the funnel which zave 
the best results for all-around usage. In other words, when 
using the hot-wire meter and this funnel, readings cou! be 
taken all over the drier to give a relative comparison o: the 
speeds of air issuing from the drier at any point. In fact, ‘hese 
two instruments were the only ones that could be used to 
obtain readings at every point on the drier. 

Two of the tests run on the model hay drier using the hot- 
wire meter and funnel are given in Fig. 7. The numbers on the 
diagrams are relative figures for air speed. Test 5 shows the 
distribution of air using the 2x 3-ft high duct, and test 6 
shows the same for a duct 2x7 ft high. 

These diagrams show the top, rear, front, and left side 
views of the drier connected for ease in showing the readings. 
If the top were folded down 90 deg and the front and rear 
folded in 90 deg, the sides would te in the same position as on 
the drier. The left side is considered left as one faces the front 
of the drier. No readings were recorded for the right side be- 
cause they were so similar to those on the left side. 

In comparing the two tests one can easily see how the air 
distribution has been improved by the use of the high narrow 
duct in test 6. On the left side in this test the air speed was 
very even except next to the floor in the middle. The left side 
in test 5 is much different. Near the top of the left side the 
velocities are nearly zero, while next to the floor they are much 
higher than in test 6. 


Test No. 5 
s.P. - 0.6 
Fan Rpm-—1134 
Cfm— 3693 
Hay Depth 6 


#76 


LLL Pease TINTIA_YOTTT 


Rear Left Front 


Test No. 6 
S.P.-0.225" 
Fan Rpm—1089 
Cfm— 3707 
Hay Depth-—9 


Fig. 7 Tests made using hot-wire meter with 5-to-1 funne! 
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For a height of 1.5 ft from the floor the wire hardware 
doth was plastered to prevent air loss next to the floor. First 
tests without any plaster on the walls near the floor had 
shown very high velocities next to the smooth floor surface. 
When the plaster was added, it helped considerably. 


From these tests it is readily seen that the area of the duct 
exposed to the hay must have much to do with air distribu- 
tion. The higher the duct became, the more even the air 
spee’s became on the left side in the two tests conducted. In 
test ( the duct was closer to the top of the hay than in test 5. 
Ther: was more total duct area in test 6, and there was 
more duct area near the top of the mow in this test. All of 
this 'cads to more even air distribution throughout the mow. 


There are several other things of note that can be brought 
out '1 these two tests. The air output was approximately the 
samé in both, but with a much larger duct the pressure 
droped to 0.225 in as compared with 0.6in in the smaller 
duct In test 6 the speed of the fan could be lessened, also. 
This means that less horsepower is needed for the same air 
outp it using a larger duct. 


Several other types of tests were conducted with the use 
of the various instruments to measure the air leaving the drier. 
In scveral of the tests the indications were that the distance 
fron: the end of the duct to the end of the mow and the air- 
tigh' area of the duct next to the fan (2.5 ft in these tests) 
shou'd be less than the distance from the side of the duct to 
the side of the mow (4 ft on the model). The limiting factor 
was the air penetrating the corners. With these distances in 
thes: tests there was an extra loss out of the rear of the drier 
and around the fan, but this was necessary in order to give 
adequate air supply to the corners. Using either duct, the re- 
sults were the same. Had the distances been greater than 2.5 
ft, the corners probably would have been starved for air. 


In another test making the bottom of the duct airtight for 
a distance of 1.5 ft above the floor did improve the distribu- 
tion of air throughout the drier. It gave less loss near the 
floor and increased the output of air out the top of the drier. 

In still another test the hot-wire meter was tied to the left 
side of the drier at various points and the speed of the fan 
was varied from high to low speeds at each point. These rec- 
otds showed that in proportion the greatest increase of air 
speed was at the points where originally velocities had been 
low. We can, therefore, say that when the output of the fan 
was increased, there was a greater increase in proportion from 
the top of the drier where low velocities had been than at the 
bottom where high velocities occurred. This gives an indica- 
tion that it is possible to oversize a hay drying fan, in an 
attempt to get more air through the top of the hay. 

Air Distribution in Mow Driers on Farms. During the 
summer of 1949, seven farm drier installations were studied 
regarding air distribution to find out if the model drier results 


_tesemble those of actual driers. In most cases a drier has only 


part of one side and the top open so that air measurements 
can be made. This definitely limits the information that can 
be obtained from the regular drier, concerning air distribution. 

There are many things that cause hay drying results to 
vary, such as loose fan belts, hay too green or wet, hay packed 
excessively where the hay fork dropped the hay on the drier, 
filling mow half full at first and completely filling after first 
hay was nearly dry, varying hay maturity, filling drier to vary- 
ing depths, recirculation of air, etc. 

On one drier the hay was 24 ft deep. In order that the air 
penetrate this depth of hay, a secondary duct was placed a 
few feet above the original duct and fed by a vertical flue 
through the middle of the two ducts. The resulting air resis- 
tance was very low, giving a pressure of 0.18in. In other 
words, there was so much duct area that only a low pressure 
was needed. This system seemed very satisfactory for air dis- 
tribution, except that there was one point on the top that had 
excessive air loss. This was entirely due to poor management 
wher the hay was placed on the drier. 

One example in the field of not having enough duct area 
hear the top of the mow was shown in a particular mow 20x 
45 ft with a duct 4.5 ftx 6.5 ft high. The hay was put on 14 
ft deep and very green, and at no point on the top of the drier 
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was there a reading greater than 9, using the hot-wire and 
funnel. On the side of the mow 6 ft off the floor the readings 
averaged 63. Even though there was approximately the same 
amount of hay above the duct as at the side of the duct, there 
was excessive side loss since more duct area fed the side of the 
mow than the top of the mow. Even though this drier, be- 
cause of the exceptionally green hay, showed this indication 
drastically, all of the other driers had the same indications 
because the side losses were much greater than that at the top 
of the mow. 

Ways of putting more air to the top of the mow are by 
higher ducts, secondary ducts, or vertical flues. Many times 
the heights of mows are so great that a very high duct would 
be impractical. Probably one of the latter two methods would 
suit the situation better. 


CONCLUSIONS 


1 No one instrument was found practical to measure ex- 
actly the velocity of the air leaving the hay from every point 
on a drier. 

2 More factors influence the accuracy of the smoker than 
any of the other instruments. It is much too slow and inac- 
curate for a close check on air measurements, especially at 
very high and very low readings. 

3 The velometer is easy to use in measuring air velocity. 
It is not accurate at low velocities which are common on hay 
driers. 

4 The anemometer, when used alone, is of no practical 
value in measuring low air velocities. 

5 The hot-wire meter when used alone was not practical 
for measuring air velocities on hay driers, but when used with 
the funnel having an end area ratio of 1 to 5, it proved more 
satisfactory than any of the other instruments tried. 

6 When a funnel is used to aid in taking air measure- 
ments, it can give only relative results, and no exact proportion 
was found between the true velocity and the funnel readings. 

7 Regardless of the instrument used, drafts affected the 
readings. 

8 The trend in duct design for high narrow mows should 
be toward greater duct area near the top of the drier and 
higher ducts to get better air penetration to the top of the hay. 
Most of the actual farm hay driers had excessive side losses. 

9 There was less resistance to the air horizontally out the 
sides of the mow than there was vertically out of the top due 
to greater duct area exposed at the sides. 

10 The larger the duct area, the lower the resulting pres- 
sures, and the greater will be the fan delivery. 

11 Air followed the smooth surface of the floor more 
readily than it went through the hay. 

12 Making the outside of the drier and the side of the 
duct air tight near the floor decreased the air losses near the 
floor and increased the air output through the hay at the top 
of the drier. 

13 Increasing the fan output increases the velocities more 
in proportion at the top of the drier where low velocities exist 
than near the floor where higher velocities exist. 


Sealing Farm Ponds 
(Continued from page 130) 


reported indicates the applicability of soil manipulation prin- 
ciples to sealing pond bottoms. Factors for consideration by 
the field engineer are: 

(a) Percolation varies directly with head of water 

(b) Percolation varies inversely with compaction load 

(c) Percolation varies inversely with depth of soil mantle 

(d) Greater heads of water need greater thicknesses of 
soil mantle to provide physical support 

(e) Maximum compaction can be obtained only while 
the soil is at optimum moisture. Optimum moisture is that 
condition of the soil too wet for good tilth but not wet enough 
to exude water during the compaction process 

(f) Soils approaching the limits of “clay bonding” are 
best suited for sealing by compaction. Textural composition 
for clay bonding is roughly 70 per cent or more of sand, 30 
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per cent or less of clay, with silt as needed to provide good 
gradation of particle size. 

4 Although chemical dispersion reduced the percolation 
rate of uncompacted soils, it did not completely seal the soils 
studied. It appeared to weaken the supporting capacity of the 
soil mantle to the extent that appreciable heads of water blew 
holes through the sample. Dispersed soils could not be perma- 
nently compacted in the laboratory but loosened up overnight 
and leaked again. Dispersion could be used in areas of 
unlimited soil mantle where a relatively small amount of seep- 
age is permissible, but it would seem unwise to apply it to 
limited soil mantles especially over soluble limestone where 
even small amounts of seepage would eventually cause failure. 
Assuming that conditions are suited to the use of chemical 
dispersing agents, it would be well to perform observation 
tests with small amounts of soil in a glass jar to determine 
the effectiveness of the chemical considered in dispersing any 
particular soil. Also the desired concentration of the agent 
can ke estimated from observing these results. 

5 Bentonites should not be applied without a thorough 
investigation of conditions. Amount, “grade” (mesh) and 
method of application are very important to the success of its 
use. Tests should be performed and the producer of that ben- 
tonite should be consulted befor€ application. 

6 As the depth of the average farm pond progresses from 
the old foot-and-a-half-deep watering hole to the modern 8 to 
15 ft reservoir, the problem of sealing is enhanced by one of 
physical support for greater masses of water. The engineer 
can no longer ignore the capacities of the pond bottom soils 
as structural materials. 
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Two views of the machine developed at the Nebraska Agricultural Experiment Station for drilling experimental plots 
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A Drill for Experimental Plots 
By L. W. Hurlbut, F. J. Bell, and A. F. Dreier 


TRACTOR-MOUNTED four-row drill for nursery plots 

has been constructed and used during the past year for 
seeding crops in the outstate testing program of the Nebraska 
Agricultural Experiment Station. It is an adaptation of the 
machine described by Grafius*. The mechanism has been 
mounted on a four-wheel tractor and a variable-speed feed 
belt drive has been added. The development of this machine 
was a cooperative project between the departments of agi ono- 
my and agricultural engineering at the Nebraska Station. 


The seeding unit consists of a special troughed rubber V- 
belt hopper which delivers the seed to a four-way divider. 
The measured quantity of seed for each plot is dropped onto 
the V belt from a shallow overhead pan approximately the 
same length as the hopper. 


Seed coming from the V belt is dropped onto a series of 
baffles which cause it to spread laterally. Below the lower 
baffle plate the seed stream is separated into four parts by a 
centrally located vertical divider plate set between two ad- 
justable plates. The divider unit is adjustable with respect to 
the hopper so that it can Le kept level at all times. 


The frame, furrow-opener equipment, gage wheels, and 
markers were made from standard, but somewhat remodeled, 
drill and planter parts. 


The drive originates from one front wheel of the tractor 
by means of a “universal” gear drive to a flexible cable. The 
flexible cable in turn drives a standard V belt operating on 
variable-pitch pulleys. This arrangement provides an adjust- 
able drive and permits the operator to vary the linear travel 
of the hopper belt to fit the length of plot desired between 
the limits of 15 and 40 ft. 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 


The authors: L. W. Hurisut, F. J. Bett, and A. F. Dreier are 
agricultural engineers, Nebraska Agricultural Experiment Station, Lincoln. 


AuTHor’s Note: The development of machines of the kind de- 
scribed in this article affords a ‘wonderful opportunity for good co- 
operative work between agricultural engineering and other departments 
of the state agricultural experiment stations. The machine described 
has worked exceptionally well in the field and our station agronomists 
are very much pleased with it. We have cooperated with the agronomy 
department in providing a sprayer suitable for use on experimental 
plots, and also a fertilizing machine for use in planting corn in the 
outstate agronomy testing program. There may be a number of such 
devices developed at various experiment stations which would be of 
interest to agricultural engineers in general. If this is the case, we 
would like to see some effort made to publish in AGRICULTURAL ENGI 
NEERING brief descriptions of such machines. 


* GraFius, J. E.: A Four-Row Nursery Seeder. Jour-Amer. Soc. 
Agron, 41:267-269 (1949). 
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TORRINGTON NEEDLE 


to speed production 


A full complement of small diameter rollers, retained 
within a hardened race as illustrated, became a single, 
compact unit widely known as the TORRINGTON NEEDLE 


“BEARING —a unit which simplifies and aids assembly, 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE 


facilitates disassembly and speeds up installation. 

In addition, no complex housing structure is required 
... only a simple bore machined to proper dimensions. 
And no spaters or retainers are needed! 

If you're seeking ways to speed production and sim- 
plify assembly, it can pay you real dividends to investi- 
gate the merits of Torrington Needle Bearings in terms 
of your own requirements. Call on our engineering de- 
partment at any time. 


THE TORRINGTON COMPANY 
Torrington, Conn. . South Bend 21, Ind. 
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BEARINGS 
simplify — 
assembly 
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Soil Erosion Controllers for Gated Irrigation Pipe 


By R. T. Tribble 


JUNIOR MEMBER A.S.A.E. 


OIL erosion is present in many areas where a high rate 
of flow is necessary for efficient distribution of irrigation 
water. The installation of gated irrigation pipe, for ex- 

perimental layouts, has resulted in considerable damage from 
soil erosion as illustrated in Fig. 1. The presence of soil ero- 
sion, however, is not a valid reason for discarding gated pipe 
as a means of distributing irrigation water to the furrow. 

Gated pipe has many advantages as a method of dis- 
tributing irrigation water. A low rate of depreciation, port- 
ability, and positive control are more important. There are 
two chief disadvantages: the initial cost is high, and steep 
slopes introduce high operating heads and consequently create 
soil erosion problems. 

This latter problem has been solved partially by the use 
of an energy dissipater or erosion controller. The device is 
made of 24-gage galvanized sheet metal shaped to baffle the 
jet, thus reducing the velocity of discharge before the water 
enters the furrow. The device is independent of the pipe line, 
simple to construct, and inexpensive. 

A comparison between the erosion present with and with- 
out the controller is shown in Figs. 1 and 2, respectively, 
where the operating head is 10 ft and the rate of discharge is 
0.02 cfs. After 4 hr continuous operation, 4000 cu in of soil 
were moved by uncontrolled discharge compared to 15 cuin 
using the erosion controller. 

The problems encountered in building an erosion controller 
for gated pipe vary according to the arrangement of the gates, 
rate of flow, and the erodibility of the soil. Where gates are 
installed for irrigating a furrow on each side of the pipe line, 
a device similar to that in Fig. 3 may be used. The discharge 
velocity must be reduced to prevent erosion, and at the same 
time the required volume of water must be delivered to the 
furrow. Should the controller fail to catch and deliver all the 
water away from the pipe line, the soil beneath the pipe, 
which separates the furrows, is washed away and the water 
runs under the pipe, eventually all flowing to one furrow. 
Briefly, water leaving the controller must be directed away 
from the pipe line at a low velocity. Where it is desirable to 
deliver water to a single furrow, one side of the controller 
may be replaced by a flat piece of material curved to clamp 
around the pipe and seal the gate on that side. 


Performance Data for the Erosion Controller. The pri- 
mary factors governing the capacity of an erosion controller 
are the pressure head applied at the gate, gate opening, and 


This paper was prepared expressly for AGRICULTURAL ENGINEERING, 
and is published with the approval of the director of the University of 
Hawaii Agricultural Experiment Station as Technical Paper 189. 


R. T. TRIBBLE is assistant agricultural engineer, Hawaii Agricultural 
Experiment Station, University of Hawaii, Honolulu. 


Fig. 1 (Left) Operation of gated pipe under 10 ft of head. The gate is adjusted to deliver about 0.02cfs 


the position of the device under operating conditions. The 
gate opening and pressure head determine the rate of dis. 
charge from the pipe line, while the capacity of the cont: oller 
is determined by its size and operating position. Wate: en. 
tering the device at high velocity decreases its capacity ‘rom 
the standpoint of erosion control. A discharge of 46 gpm 
under 1 ft head through a 2 9/16-in gate opening does not 
cause excessive soil erosion, while a high degree of erosion is 
present using a 5/16-in gate opening under 45 ft of head with 
a rate of discharge of 26 gpm Fig. 4. 


The apparatus used for collecting the information shown 
in Fig. 4 consisted of a test section of portable gated pipe pro- 
vided with a 134-in connection direct to the university fire 
main. The pressure applied to the test pipe was varied by 
adjusting the gate valve in the fire main and was measured 
by a mercury manometer. The gate in the portable pipe was 
measured with calipers, while the discharge from the gate 
was measured by the amount of water collected in a container 
per unit of time. The method of measuring volume was con- 
sidered sufficiently accurate for a test of this nature. 

The variation in rate of discharge for a given pressure 
head (considering an increase from 5/16 to ¥in in gate 
opening) may be explained by the shape of the gate opening 
and a change in the coefficient of discharge (Fig. 5). The co 
efficient of discharge decreased from 0.75 to 0.68 with an in- 
crease in pressure head from 0.5 to 8.3 psi (Table 1). 


TABLE 1. Variation in the Coefficient of Discharge 
Using 54-In Gate Opening 

Calculated Coefficient 

discharge, of 
gpm discharge 
16.2 0.75 
28.1 0.74 
46.0 0.72 
56.0 0.69 
66.0 0.68 


Measured 

Head, discharge, 
psi gpm 
0.49 12.1 
1.46 20.7 
3.9 33.0 
5.8 39.0 
8.3 45.0 


The area shown between curves E and F (Fig. 4) repre 
sents the range through which a controller is needed and pet- 
forms satisfactorily from the standpoint of soil erosion control, 
For pressure heads and rates of discharge below curve F, 
an erosion controller is unnecessary. Above curve E the size 
controller described is not adequate to prevent serious erosion. 
The exact location of curve E or F depends upon the erodibility 
of the soil being irrigated. The upper range or limit for satis- 
factory erosion control is especially difficult to locate; how evet, 
it is believed that curve E represents an average, considering 
a medium weight soil and a 3 x 3 x 12-in controller. 


Fig. 2 (Right) Top view of 


erosion controller operating under 10 ft of head and delivering 0.02 cfs. Erosion is negligible after 4 hr of operation 


RE a ge LEMME Ls Se ES ES FR ONES Ae ET Re TN SOT ne Te A fee 


"AS RRR, SLO RE RES 8 TRI Se cl ES 


ELT ees 


eI! eR 


Dae ce a IE ea 


Agri 


| oo Pie ye) La alee nee Te 4! a yn i gi >) es. . © - “ae fe LY Ae. eee ~~ 
By fenAd - Ae eset tel igs aoe oe oy Ce ee cite | Ae A, ee Ee 
Sp): ae pare eee es cau BY ets ‘Fae 1 eee ine a AR a ed 
Bi. ek oe ea ES oo a Bie oA aha) ae ot ies Bite igen) cs | ee 
tem, SR gl Pest a aie ae Tae Rae es: Yee erg 
fa eae ey: Ea _ i By ae “ad epee a aus: ts ee eee St aieaue i on 
es Sa sa. cies ae me i ae oe se aril as a % Pay Domes Seg “Be eh eee ess ee ; - ane ye =~ 
—— - ‘ ‘ : : : . 3 ror 
yy ~~ 7 - R a 
"ae | ae : 
Py | # q 
care } ~ 
ae 3 P 136 -s "4 + ae i: Mee 
oi ; - - ‘ee ee a ewes 
a | ~ 4 ety ‘a 
ao ea 4 4 me . 
— gt 
Phen ] os 
me Stal i ; ae 
Aare ee 
eae | a. 
is ere . : dae 
B Res oe 
ay Sad | es 
a Be ; » 5 aut 
: Bes i pes 
By Sash i | Figen di 
i Fe teh ee ee. ' pees 
- cas Rite 
h Oe a SF : | — 
mB Pitas * - 3 ' a: i 7 
etic | | > ae 
Bh Danan et 
Bi | | a 
pees | era 
: ] a a 
ate | om. 
2) iige Sa 
mY es : 
= f | a 
ee oo 
“. 3 x 
oe > i 
Ph — . 
poe ha ! wo. 
— a 
as é a 
i me we ca F 
ae = a 
Brest Ca 
a 2 al 
ety Ci a 
ay a 
. a 
BY ‘ oe 
tee ae 
=i a 
4 | a 
; a. >. 
sie ies = 
apenas fee 
eh g 
re ae 
See — 
ai oo 
aR = 
Sig ee: 
id. pr a 
hig — 
a ae 
a : a 
ee = 
. Sa 
BRE) 7 
Se oe 
he ee ae 
= shag 1 
eee , i= 
tad ‘ an 
2) ree 
a 4 ' oe ey 
= T aaee 
Aare a 
eae as See 
aaa ee 4 
xt on Seat 
nr Ras 
* = 
cw 
: . ae 
ae 
2) a 
ee , See 
5 5 ‘ae 
ya ae ie 
=) ae, ea 
F  aahees i 
as ae. 
eNO a 
: aa oe 
oa eet 
eats i eee 
rae A | oe 
a eee 
ts : — 
ae Saher 
an ia 
wee Peps 
ig eee eae) 
ee SS EEUU UREN NNEEEERIREenneeeenee ens ete 
2c ee Ate 
a ee | eae 
ae ay . 
ee 2 i te A 
re . oe 
cae ‘ te gers ' —_— 
ieee VOM eee ee Ne ee Co a ae; 
emai OE en ee i eee | IE eae. - eee 3 ones = ores 0 ae ee ‘Paige eae a eee a e. 
greet 2 EE IRS Sea 9 cS) Via oe a: ee es 2a “Slee Bas BO eR aa Ne 5 
ae ratte ES RIE: «Pa Ee Og! ee sy |! Oeinats ane ees Daa we ae Neat: See es |e pst : PS mo feviggtt OT es a oe i saa 
at pir i EGiags + ham ae: ele diated ne ea Ree 7g keto ea aye OE iat ee i ai Ae pate Reo = a * eae: 5 pe > a Sena Ot =a rg 
eee) Re CS eS eo NS a he a Sn we eee PL ane. ee Ss _— Bs Foie Cnr ae 
og ad (a ste ae tee ie Re a AR MENDES ee alg’ Pree car ae oni cs 8 oR ge RA eee 2 ¢ are 
ol ee Ee VRE A ew i Sia) eG Spo Me eRe Oe INS ps 22 ae 4 ee. eee in tae ep ee en 
ot ae ny FRED CN ae ne dng" Sa * eae Nee RR a oe ep ee eige i? SEY 6 aa Ri aw Re gps oo sn: ee ae iy 
cnah ee ON i. ST Nr aa ee a ae ted ee? aoe Sg aes aa i as, kes OS Soa Oy, er caida FP Nk. nL Ga 
eae of eee se CN i eee NS oo Fis Med AO SR eM WE csr . a 
ees: oo. eee lS. gil. Ro” Rae an eee Mork: (fe Se een a 
$b i eee” ha Co oe ee es. «= vin a 
ae core. J | Si soa i egemeee A ot oe pe ie : eS ee MN = 
ae re ee ae ed es ee Apa SE eg ee sae we eae See Move a. Sy es 
ae BS cla ~~ a RSE Eso. Sele iad ear ae Se Ae Stare Bes Bae FS ae 8 am ee ae 
a ee ere wae Pe. ec ee eS Peay Pe: See ee ee 
eo ae eee “CMe a ER oe ee ee ne ee eee — | =e 
ay: Ber ea a 0 ee ee ee Se ' . Ss ; ieee 
| oe N zz ee Se eS. ae . ka ae . oo 
=e Go ee ee I ho eg ee eee - = ae a . ae 
\ Sars i a 2 ee . Pada US hae Ne en ae ne AS ra oe ae wae Peet. a eee ; roc. = nn } = = epee. 
is i oe . gear oe ore Te RR rebates te SRS aucun ee a , ot ae Bee a a ae 1 pee 
ee eh —— oe —_ .- Pf Dd wee es) - ee ” ai Be i Se — Be 2 eer 
ad ae “ > So. 4 ee ae sian “ig =< Ee ae *, <=. Te ae A: Ge ere % Be a - ise _ eae 
‘Eee ial Ne Se ee aes. eS oa ean ae od — eee SS" feo ee 1 ge 
iat ve V3 oar 4 oe al > Ne Thy Paneer Ae ee to Se, “Se Saree, ARS ee ee Se a. SS 1 oe 
Se a mies See Tae eet, Be ol: oS? Res eS 3. * *, Se ake eens i RS aS a eee ce aa, = ae ' het 
ae ae as Lge fae Se Ce ee eee re, See = eae “| ES eee ee le | ent. 
oS eg ME > eo eae, eS, eS ee . oh ae ee eS pce 
Ss eg Oe ek CNBR ee ee eet PSR re, CAL NL eee eee eee shot 
ae ere ee eee ee ee Be oe oe oa 
a =e a aa SR eS See eS ae aa astra ie ee Te “a a ma Y eo ees SG eae se mar as ans 
me uk? , geese a See ee: Pe eee Ce Scam » (a ee ate — Se FN a ar ye Bas ee So Seaes ole e _ ray 
x = : PoE ee Reman s- , e canee yi aa Bi aah oa ee er? cen eee. es set phe ee 3 ae ae : ae 
a ae oa We EP A, ras Og ie Se iy gee Pa, oa lag . Ag per SS Sel 7 % des si 0 > ie ._ = q Aveda 
ss Se S20" Ss RR ypehllineein hs rie ee ho? Pobdae sl 20 eats ¥ Gets ae MN a . eee 
Renan ne A See SUM. ig eer, rae Poe i nein a be : ee fa ee 2 aes apalpmnima cS Tait Sa ¢ ie 
See oe f ss ae “<— eae S 5 See) eas gt See. OS Sn BS ~ : . 3 iS 
aye coe ae . a OO | eee 
ae 3 Ne a 
> ae ee 
ae a : BS 
ey 5 >: 
ee, 4 
ee 4 
50 
Bagrer s,' q 
ae ; 
Siege oa 
See - 
ete Ys 
idle Sis . ee 
EU Sipe ig lL) aR =< 5 a Si 2 sc 2 i aaa as is Sea i ac: 2 ea aS a ee 
Roeper es me fice eee Be eal = oe ee 2 aoe oe A At SS Se Re BBs oe AS cares 
OE play arse aia Coa a eee Tea? ape ees = EE. r ST GS Ie song 2 2 Bee Bae 
el Oe a it Sa woe Bazar Se Sy ee =e th Ys os hare teem Beit . Bae Oe Dare te oe ee 
Be ae knw: Sea ae Bt oc Seer 0 gS ite: EE re ey ge emery 
es kee ana ae? Peat C3 Re LOS Ray a he So na Tiga y nerete . Soee GA pee ee 


BPIRLI LON LS TER = IES LEE TS PRE 


: 
. 
| 
| 
: 
| 
| 
: 
; 
; 


@ A survey of your high precision parts 
requirements by Aetna engineers may 
bring you important economies. For, here 
at Aetna, besides top quality ball and roller 
bearings, you will find today’s most ad- 
vanced facilities for producing an infinite 
variety of miscellaneous precision parts... 
to whatever hardness or precision finish 
you need ... at prices usually below your 
own production costs. Complete labora- 


RINGS 


tory control and exceptionally strict inspec- 
tion procedures will guard the quality of 
your parts from start to finish. Our variety 
of tools and dies are so extensive that most 
parts can be produced to fit your require- 
ments without extra expense of special 
tooling ... even should you require washer- 
type parts up to 38” O.D. Send your prints 
for recommendations and estimates. No 
obligation. 


AETNA BALL AND ROLLER BEARING COMPANY « 4600 Schubert Ave., Chicago 39, Illinois 
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Rate of Application to Furrows. There are a number of 
factors to consider in determining the proper rate of applica- 
tion to furrows. The soil type, crop, length of furrow, and 
method of irrigation are most important. 

In the process of developing the erosion controller, it was 
desirable to determine the usual rate of application used on 
Hawaiian soils. A survey was conducted in the vegetable and 
cane-growing areas, the results of which are shown in Table 2. 
All the areas were irrigated by small open supply ditches ex- 
cept the sugar cane fields where concrete flume was predomi- 
nant. 

The maximum rate of application was found in a papaya 
orchard where 55 gpm was admitted to a single open furrow. 
The trees were spaced 10 by 12 ft in rows 400 ft in length and 
were irrigated by an open ditch supplying water to shallow, 
4-ft-wide, open furrows on the upper side of the tree rows. 
There was evidence of considerable damage due to soil erosion. 

The next highest rate of application was found in the first 
irrigation of a ratoon planting of sugar cane, where 42.8 gpm 
were applied to each 400 ft furrow by means of a concrete 
flume. The first irrigation of a ratoon crop is considered very 
rapid. 

The average rate of application, disregarding soil types, 
length of row, crops, etc., was 19.9 gpm per furrow. The av- 
erage rate of application to sugar cane was 18 gpm per furrow 
compared to 16.5 gpm per furrow for vegetable crops. The 
average rate of application to the one papaya orchard studied 
was 46.9 gpm to each 400-ft row. The rates of application 
presented above check fairly close to preliminary work per- 
formed by the U.S. Soil Conservation Service. 

The erosion controller operates exceedingly well at a dis- 
charge rate of 15 to 20 gpm under 35 to 40 ft of head. A 
higher rate of application up to 45 gpm may be used under 
low heads, but still greater rates of flow result in serious soil 
erosion regardless of the manner in which it is introduced into 
the furrow. v4 


SUMMARY 


1 It is believed that soil erosion controller (3 x 3 x12 in) 
will operate efficiently under the present rates of water appli- 
cation to furrows in sugar cane or vegetable crops. 


and operating position 


GATE OPENING AREA OF GATE RATIO OF INCREASE 


INCHES $Q. IN. IN AREA 
5/16 0.239 A 
5/8 0.612 256:1 

14 1.423 5.98:1 

2 96 3.034 12.66:1 


Fig. 5. Details of gate used in gated irrigation pipe and the variation 
of gate area with respect to distance opened 


Fig. 3. End view of erosion controller showing dimensions, details of construction, 
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2 The maximum rate of application for most crops By 
about 17.5 gpm per 200 ft of furrow. The rate may be igi 
creased with longer furrows, but should be decreased wil 
shorter furrows. a 

3 The range in which the controller is needed and 
effective varies from 5 to 45 ft of head and 12 to 46 gp 
(Fig. 4, curves E and F). 

4 Further information is desirable for fixing the upp 
tange of operation on various soil types. 


TABLE 2. Rate of Water Application per Furrow for Various Cro 


Me @ 
Row length, Rate of flova 
Crop ft gpm 
Sugar cane 100 4.1 
(first irrigation of 150 10.2 
ratoon crop) 200 10.2 
225 14.1 
425 25.3 
Average 12.8 
Sweet potatoes 60 10.2 
30 18.5 
Average 14.4 
Corn 300 13.1 
175 17.6 
Average 15.4 
Cabbage 200 14.1 
125 17.5 
150 17.5 
Average 16.4 
Watermelons 200 a7.5 
Forage cane 350 18.5 
400 19.9 
Average 19.2 
Sugar cane 250 10.2 ; 
(later irrigations) 300 14.1 : Cc 
350 17.5 ; 
400 20.9 | 
400 428 § { 
Average 22. 
Papaya 400 38.8 


Average 
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DISCHARGE — G.P-M. 
A- DISCHARGE WITH 5/I6" GATE OPENING 


B- 7 . 5/8" . * 
= " 1-va" * : 
S=. | Tees 


E- UPPER RANGE OR MAXIMUM EFFECTIVE CAPACITY 
F- LOWER RANGE 


Fig. 4 Performance of an erosion controller under 
various pressure heads and gate openings 
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}E. ANNOUNCES... 


For the best in 
electrified farm equipment 
. . « look for this label 


MORE POWER TO THE AMERICAN FARMER through more electricity on the farm 


an exciting new full-color 


SOUND MOTION PICTURE 


— filmed on farms from 
New England to California 


A movie “must” for every farmer who wants 
to get more work done faster! 


Want to know how to feed chickens —clean a barn 
—unload silage—all with a flip of a switch? Then 
be sure to see G.E.’s new movie, “Electrified 
Farming”. See how these and dozens of other 
farm chores can be done easily, quickly, the elec- 
trified way. It’s good entertainment for the 
whole family. But more than that, it’s packed 
with time-saving ideas you can’t afford to miss. 


Showings WHE Free f “Electrified Farm- 


ing” will be loaned without obligation to 4H, 
FFA, Grange, and other farm organizations. 
Make this valuable film a feature of your 
next meeting. See details below for more 


SEE how electrically driven eleva- information on how to order this film. 
tors cut wagon “turn-around” time. 


Farm Industry Division, General Electric 
Company, Schenectady 5, N. Y. 


Simply clip this coupon and take it to your 
local farm leader. All he does is fill it out and 
send it to the address shown below. By return 
mail, he will be informed of the dates when 
“Electrified Farming” will be available for free 


SEE how to clean your barn in min- SEE how crop driers put more hay showing in your neighborhood. Do not send 
] 
7 
; 


utes — without lifting a shovel. in the mow, better corn in the crib. the coupon to General Electric Co. 669-110 


Association Films, Inc. 
35 West 45th St., New York 19 
Dear Sirs: 

| would like to arrange a free showing 
of the G-E 16 mm full-color, sound movie, 
entitled ‘‘Electrified Farming’, for 


- 
| 

| 

| 

| 

| 

| (organization) 

| one wie. 
| (date) 

send me further details on the free loan 
l of this film. 

| SI thetic hissheasiesqecnsisacpinicnioastiiss A icnancthieanis 
] EERE eC ae er ae eae a Te 
| 

| 
t 


3 ee = 
SEE how wagon-unloaders take the SEE how electric pumps provide 669-110D 
backache out of crop handling. “rain” when your crops need it most. eet ee ae Ts tk Play ae PE 85 


Rcesvsesastsieoesnewsienteenpnenanetinenens 
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NEWS SECTION 


vec Tc 


Jones New Chairman Southeast Section 


i HOMAS N. JONES head of the agriculture engineering department, 
Mississippi Agricultural Experiment Station, was elected the new 
chairman of the Southeast Section of the American Society of Agricul- 
tural Engineers at the yearly meeting of the Section held at Biloxi, 
Miss., February 9 to 11. He succeeds Harry Dearing, agricultural engi- 
neer, Tennessee Coal, Iron and Railroad Co. During the past year Mr. 
Jones has served as secretary of the Section. 

Other Section officers elected at the meeting include First vice-chair- 
man, Fred A. Kummer, head, agricultural engineering department, Ala- 
bama Polytechnic Institute; second vice-chairman, G. D. Kite, extension 
agricultural engineer, Virginia Polytechnic Institute; secretary, M. T. 
Geddings, agricultural engineer, Duke Power Co. 

The meeting just held, from the standpoint of attendance and quality 
of program, was probably the best meeting ever sponsored by the South- 
east Section. 


Southwest Section Plans Meeting 


ROGRAMS on soil and water, rural electrification and teaching 

methods, crop processing and buildings, and power and machinery 
are planned for the two-day meeting of the Southwest Section of the 
American Society of Agricultural Engineers at Louisiana State University, 
Baton Rouge, April 14 and 15. 

The meeting will be a feature of the dedication of a new agricul- 
tural engineering building at the University. In addition to the technical 
program there will be an opening address by Dr. Harold W. Stoke, 
president, Louisiana State University, a free barbecue at the Agricultural 
Center, a banquet with Dr. I. P. Trotter, dean of the graduate school, 
delivering the principal address, and a business meeting of the Section. 

Subjects tentatively scheduled for two soil and water sessions include 
drainage of sugar cane land, new developments in mowing and ditching 
machinery, equipment operation for soil and water conservation, earth 
moving for agricultural engineers, the agricultural engineer's place in 
farm irrigation, flood protection for creeks, and heavy machinery for 
land clearing. 

A session on rural electrification and teaching methods is scheduled 
to cover accomplishments and problems of rural electrification in Louisi- 
ana, rural electrification in Texas, professional agricultural engineering 
courses in farm machinery, agricultural engineering courses for voca- 
tional education students, and a progress report on the coordinated pro- 
gram for vocational education work in agricultural engineering. 

Treatment of crop processing and buildings is to cover recent devel- 
opments in crop drying and storage in Texas, the application of 
dielectric heating to crop processing, state and maturity for harvesting 
rice by combine, a progress report on rice storage in Louisiana, better 
use of lumber in farm buildings, use of steel in farm buildings, and 
the Housing Act of 1949. 

In the power and machinery program a symposium on cotton 
mechanization is to cover cotton harvesting in Oklahoma, weed control 


The U.S. Department of Agriculture dairy farm is‘one of the many interesting sights at the Beltsville Research Center that those who attend the 
1950 ASAE Annual Meeting at Washington, D.C., June 19 to 21 will want to see 


A.S.A.E. Meetings Calendar 


March 17 and 18 — Paciric Coast SECTION, Logan and Salt 
Lake City, Utah 


April 7 and 8—Mup-CENTRAL SECTION, University of Ne- 
braska, Lincoln 


April 14 and 15 — SouTHweEsT SECTION, Louisiana State Un:- 
versity, Baton Rouge 


April 21 and 22 — VirGiniA SECTION, Hotel Roanoke, Roanok«, 
Va. 


June 19-21 ANNUAL MEETING, Hotel Statler, Washington, 
D:<. 


OcToBER 19 and 20 — PaciFic NoRTHWEST SECTION, Yakim,:, 
Wash. 


December 18-20 — WINTER MEETING, The Stevens, Chicago, 
Ill. 


in cotton, cotton mechanization in Texas, and cotton gin engincering. 
Other subjects to be covered include machinery for applying anhydrous 
ammonia, use of liquified petroleum products on farm tractors, mecha- 
nizing the industrial sweet potato, and machinery maintenance. 


Washington Section Hears Dr. Bennett 


T= February 10th meeting of the Washington (D.C.) Section of the 
American Society of Agricultural Engineers was attended by 56 
members and visitors, who were privileged to hear Dr. Hugh H. Bennett, 
chief, Soil Conservation Service, USDA, give a very informative and 
inspiring presentation on the policies and problems of the federal 
agency of which he is head. 

At the close of the meeting, a meeting was held of members of the 
committee on local arrangements for the 1950 ASAE annual meeting 
which will be held in Washington, June 19 to 21. The committee 
reports that plans for the meeting in June are well advanced and ade- 
quate preparations are being made to insure that those attending the 
meeting will find it a most enjoyable and profitable experience. 


ASAE Hawaii Section Activities 


HE second meeting of the Hawaii Section of the American Society 

of Agricultural Engineers since its formal organization was held 
February 22nd at the Agricultural Engineering Institute on the Univer- 
sity of Hawaii campus. 

Arnold B. Skromme, agricultural engineer, Pineapple Research Insti- 
tute, described and answered questions relative to a 96-in powered disk 
plow, a 6-ft moldboard plow, and a disk harrow powered by power 
take-off. The machines were inspected while on a mainland tour. Fol- 
lowing this discussion, Mr. Carter, of Locke (Continued on page 142) 
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FAMINE FIGHTERS 


Much of the world is hungry, but we in America 
take “second helpings” for granted. Starvation 
stalks many lands, but well-fed Americans eat 
three “square” meals a day. We have no monopoly 
on sunshine, rain, and good soil, but our pro- 
gressive farmers have made the words “America” 
and “abundance” synonymous. 


It takes plenty of know-how and lots of hard 
work to produce bumper yields and record crops. 
With the help of favorable weather, modern 
methods, and machines, however, our farmers 
have worked this miracle many times the past 
few years. 


These blue-jeaned famine fighters give modern 
power equipment much of the credit for multi- 
plying the productivity of our land. Happily, it 
has done even more. Power machinery has made 
it easy for farmers to retain or rebuild precious 
topsoil by using the latest conservation methods. 
It has given our agriculture new vitality by en- 
couraging thousands of mechanically-minded 
farm boys to seek their fortunes on the farm 
rather than in the city. By reducing the uncer- 
tainty and drudgery of farming, power equipment 
has made possible fuller, happier lives for farm 
families everywhere. 


Arm men who love the soil with scientific 
methods and modern power machinery and you 
can expect great things: Better stewardship of 
the land ...a more stable and productive agricul- 
ture ... an even better-fed America ... perhaps a 
famine-free world in the forseeable future. 


JOHN DEERE 


MOLINE ° ILLINOIS 
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Power Transmission Problems 


SOLVED SIMPLY 
with 7 Q) Up) Flexible Shafts 


Side Delivery Rake 
made by B. F. AVERY SONS CO. 


Louisville, Kentucky 


STOW FLEXIBLE SHAFTS simplify 
intricate power transmission prob- 
lems by eliminating complex gear- 
ing with its close tolerance and 
alignment difficulties. 


STOW FLEXIBLE SHAFTS provide 


savings . . . increase design effi- 
ciency and eliminate hazards of 
exposed shaft assemblies. 


WRITE TODAY FOR YOUR COPY 
of STOW'S NEW BOOK on FLEXI- 
BLE SHAFTING [included in Sweet's 
1950 File for Production Designers). 


LEARN HOW STOW FLEXIBLE 
SHAFTS HAVE BEEN SOLVING 
POWER TRANSMISSION PROB- 
LEMS SINCE 1875. 


am a 


MANUFACTURING CO. 


<i Deeg <2 z ps sie 
39 BINGHAMTON, N.Y. — 


NEWS SECTION 


(Continued from page 140) 


and Co., showed films describing new devolpments by Harry Ferguson, 
Ltd., including a disk plow, hay rake, etc. 

Rene Guillou, head, department of agricultural engineering, Univer. 
sity of Hawaii, gave an informative discussion of the organization of 
the American Society of Agricultural Engineers. Membership crades, 
eligibility, and the procedure for making application for mem)ership 
were among the que: ions answered. 

The executive committee of the Hawaii Section is getting orzanized 
to serve the Section to the fullest extent and expand agricultura! engi. 
neering activities within the territory. A program committee will] be 
appointed composed of men from various organizations servin: agri. 
culture, and members of this committee will serve for one year and be 
responsible for outlining future programs and publicity. 


Oregon A-E Department ECPD Accredited 


y  oce-naage sd to announcement received recently the agricultur:l engj- 
neering department of Oregon State College has been fully credited 
by the Committee on Engineering Schools of the Engineer's Council for 
Professional Development. 

Other college agricultural engineering departments that are now 
fully ECPD accredited are those at the University of California (Davis), 
Iowa State College, Kansas State College, and University of Nebraska. 


Chemurgists to Feature Green Frontiers 


*«¢”@~ REEN FRONTIERS” is the theme for the fifteenth annual chem- 
urgic conference sponsored by the National Farm Chemurgic 
Council, to be held March 29 to 31, in Washington, D. C. 
Announced subjects of particular interest to agricultural engineers 
from the standpoint of engineering applications to farm production for 
chemurgic use, include “Soil Conservation and Chemurgy,” by Kent 
Leavitt, ““Chemurgy on an Illinois Farm,” “Our Farm is 100 per cent 
Chemurgic,”” “Democracy is Dependent Upon Conservation,”’ and “Re- 
forestation and Land Reclamation By-Products of Chemical Industry.” 
Other program subjects of wide general interest will include “Na 
ture’s World Currencies,” ‘Advances in Crop Use Research, "by Dr. G.E. 
Hilbert, USDA, and “Chemurgy at the Midwest Research Institute.” 
The Honorable Charles F. Brannon, Secretary of Agriculture, is 
scheduled to address the conference on a subject not yet announced. 


Personals of A.S.A.E. Members 


D. A. Milligan was recently promoted to the position of domestic 
sales manager by Harry Ferguson, Inc. He joined the company in 1943 
as director of research and was later made director of service. During 
the past year he has supervised implement purchasing, implement qual- 
ity control and production engineering, and acted as assistant to the 
director of distribution. Prior to joining the Ferguson organization, Mr. 
Milligan was for several years employed as equipment sales engineer 
by the Cleveland Tractor Company, and during World War II he 
served as a special consultant to the Farm Machinery Division of the 
War Production Board. 


R. E. Morris, who until recently held the position of agricultural 
engineer with A. M. Todd Co., Kalamazoo, Mich., has organized the 
Morris Engineering Co., LaPorte, Ind., where he will engage in the 
sale of a line of irrigation equipment and also a land drainage pump 
of his own design, and will in addition engage in consulting work. 


Ben D. Moses, professor of agricultural engineering, University of 
California, who for the past 25 years has served as secretary of the 
California Committee on the Relation of Electricity to Agriculture, was 
recently honored by the Pacific Coast Electrical Association with a 
plaque commemorating his service to farm electricification. The Cali- 
fornia CREA has carried on a consistent and continuous program in 
research and education in farm electrification, and many departments of 
the University have cooperated and still are cooperating in the activity. 


David C. Sprague, professor of agricultural engineering, Pennsyl- 
vania State College, has accepted appointment as agricultural encineer- 
ing consultant to Libbey-Owens-Ford Glass Co., Toledo, Ohio, dur'ng his 
sabbatical leave of absence. He will be engaged in research on the 
application of the principle of solar heat and the use of Therm opane 
insulating glass in windows of farm structures, in collaboratior with 
W. Everett Eakin, director of farm research for the Company. S»rague 
will help to correlate information for the Company on research projects 
which have been set up in cooperation with a number of agric:ltural 
experiment stations, and his observations will include ventilatic. and 
insulation of buildings, as well as window planning to provide de irable 
environmental conditions for livestock and poultry. Sprague’s <ecent 
work in collaboration with poultry husbandry department of P»:nsyl- 
vania State College on the mechanical feeding of poultry and th» eff- 
cient use of labor has attracted nation-wide attention. 
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Why didn’t somebody think of this before? 


@ “Dunking” a hog to soften his bristles is a 
backbreaking job on most farms. But butcher- 
ing time is just one of hundreds of times a 
farmer turns himself into a human derrick. This 
costs plenty in terms of health as well as dollars. 


@ Today, many thousands of farmers are doing 
their heavy lifting with their fingertips! These 
are farmers who own a Ford Tractor and a 
rather remarkable implement —the Dearborn 
Rear End Crane, illustrated above. With this 
outfit they can lift and carry anywhere, objects 
weighing up to 600 pounds! The operator merely 
moves the Ford Tractor’s Hydraulic Touch 
Control lever and “up” goes the crane with bar- 
rels, boxes, bales, pigs or whatever it is that’s 
attached to the boom. No hard work in that! It 


can be attached to the tractor or detached in 
60 seconds. 


se ib 


HFARM EQUIPMENT 


COPYRIGHT 183: DEARBORN MOTORS CORPORATION 
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@ Best of all, this implement 
costs far less than a cheap suit 
of clothes. In a sense, the farmer 
got the major parts of this crane 
when he bought his Ford Tractor. 


@ The power unit for this crane—the hydraulic 
mechanism and controls—are standard equip- 
ment on every Ford Tractor. So are the lift arms 
which, with this implement, raise and lower 
its boom. Thus, there are no screws and jacks, no 
block and tackle, no gears and cranks needed .. . 
and none to pay for, either! Of course these same 
standard Ford Tractor features are “parts” for 
dozens upon dozens of other implements, too. 


@ To get all of the fascinating story of “Ford 


Farming” see your nearby Ford Tractor and 
Dearborn Implement dealer, or write us direct. 


DEARBORN MOTORS CORPORATION © DETROIT 3, MICHIGAN 
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The popularity of concrete block joist floors for farm 
homes and other buildings is rapidly increasing. Such 
floors are easy to build with either plain or soffit type 
block as filler units, and are practical for single or 
multiple spans from 10 to 17 ft. in length. 

The above illustration shows the six simple con- 
struction steps in building concrete block joist floors: 
Build exterior wall to height of floor, including 
one course of 4-in. solid concrete block as shown 
in drawing. 

Erect formwork of parallel planks (adequately 
supported by posts and ledgers) for supporting 
the filler units and the concrete slab. 

Lay rows of block on planks, with cores running 
horizontally. The joints between block in adjacent 
rows may be staggered or continuous. 

Install reinforcing bars for the cast-in-place joists 
as per design table.* Also place conduits for wires, 
ventilating, plumbing and heating. 

Set a continuous strip of 1-in. waterproof insula- 
tion board—as deep as the floor is to be—around 
the edge of the entire floor. 

Place concrete for joists and slab and moist cure 
for 5 to 7 days before removing formwork. The 
floor is firesafe and an ideal base for any floor 
finish desired. The flat underside can be painted, 
plastered or left exposed as desired. 


*Write for free, illustrated booklet explaining the design and construc- 
tion of concrete block joist floors. Distributed only in U. S. and Canada. 
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PORTLAND CEMENT ASSOCIATION 


Dept. 3-1, 33 W. Grand Ave., Chicago 10, Ill. 


A national organization to improve and extend the uses of portland cement 


and concrete ...through scientific research and engineering field work 
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Here’s how to build — 
CONCRETE BLOCK 
JOIST FLOORS 


RESEARCH NOTES 


A.S.A.E. members and friends are invited to supply, for pub. 
lication under this heading, brief news notes and reports on 
research activities of special agricultural engineering interest, 
whether of federal or state agencies or of manufacturing and sery. 
ice organizations. This may include announcements of new proj. 
ects, concise progress reports giving new and timely data, ete. 
Address: Editor, AGRICULTURAL ENGINEERING, St. Joseph, Mich, 
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USDA Notes on Insect Trap Conference and 
New Agricultural Information Series 


Electric Insect Trap Conference. The Farm Electrification Division 
USDA, recently held a meeting to discuss the present status of electro. 
cuting devices for insect control and to consider objectives and plans 
for 1950. All manufacturers of electric traps, members of the agricul. 
tural press, and interested entomologists and agricultural engines 
were invited. Guests were welcomed by Assistant Secretary Knox T. 


Coa 


Hutchinson. Talks were given on the various methods of controlling f 


insects, including Indiana experiments with electric traps in control of 
the corn borer, North Carolina observations on electric trapping of 
the tobacco hornworm, and Iowa experience with electric traps. Ele. 
trical hazards in the design and application of electrocuting devics 
for insects was the subject of another paper. The afternoon session wa 
devoted to an open discussion for consideration of mutual problem, 


New Information Series. The USDA Divisions of Agricultural fp. 
gineering have recently issued three new numbers (95, 96 and 97) 
in their Information Series. IS 95 is a bibliography on spraying and 
dusting equipment compiled from the Bibliography of Agriculture 0 
the USDA library for the period February, 1942, through April, 1949, 
IS 96 is a list of current research projects of state agricultural experi 
ment stations and the USDA on application equipment for crop and 
animal pesticides, weedicides, hormones and other growth regulator, 
defoliants, plant nutrients (above ground), and soil fumigants. 
These two mimeographs were prepared at the request of the Pesticide 
Application Equipment Committee, a liaison group representing th 
Agricultural Chemicals Association, the Power Sprayer Division of the 
Farm Equipment Institute, and the National Sprayer and Duster Asso 
ciation. Copies have been mailed to all agricultural engineering & 
partments and to the directors of the agricultural experiment station. 


The third of the new numbers, IS 97, is the first annual report of 


research accomplishments in farm machinery and equipment by publi 
research agencies of the state agricultural experiment stations and th 
USDA. It is in answer to a request of the Agricultural Research Com 
mittee of the Farm Equipment Institute that BPISAE agricultural eng: 
neers serve as a clearinghouse for information relating to public servic 
in the farm machinery and equipment field. The research accomplish 
ments are listed by states in Part I and by major operations in Part Il. 
Agricultural engineering departments and experiment station directors 
will receive this report. 
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~ Advanced Row Crop Features 


Make Advanced Practices Easier! 


Following a rigid soil-saving program 
calls for modern, maneuverable equip- 
ment. That’s why an Oliver Row Crop 
“77” is the perfect choice for today’s 
diversified operations. Its six forward 
speeds and husky 6-cylinder engine pro- 
vide the proper working pace and power 
for a full range of approved conserva- 
tion practices—from terrace construc- 
tion to caring for cultivated crops on 


equipped with an independent clutch, 
saves field time and increases the effi- 
ciency of PTO-driven machines. 
Grouped, automotive-type controls make 
the Row Crop “77” as easy to drive as a 
car ...a revolutionary, rubber torsion 
spring seat supplies unequalled comfort. 
In addition, 31 mounted implements and 
attachments are available to meet a mul- 


titude of needs. The Oliver Corpora- 
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tion, 400 West Madison Street, Chicago 
A Direct Drive Power Take-Off, 


6, Illinois. 
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“FINEST IN FARM MACHINERY”? 


A parallelogram coupling keeps Oliver tractor- 
mounted tilling, planting and cultivating tools 
on an even keel. These diagrams show how the 
gangs always stay level and are permitted to 
float independently. 


Here's an example of Oliver's farm-engi- 
neering approach that results in equipment 
that does a more efficient job. In addition, 
under the new Oliver standardization program 
all mounted tools are basically interchangeable 
among the current Row Crop tractor models, 
the “66", "77" and “88”. When a farmer 
steps up his power with larger models or 
acquires additional units he need not invest in 
new mounted tools to fit them. 


and 


Oliver “66”, “77” and “88” tractors are built 
in 6 basic types and 8 variations 
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It pays to use SISALKRAFT for closing-in 
all types of farm buildings and shelters 
for winter. SISALKRAFT is waterproof, 
airtight, tough! It stops moisture, wind, 
rain, and dirt . . . keeps barns warmer, 
more comfortable and healthful for ani- 
mals and fowl . . . makes the farm home 
cozier, more livable. Protect your machin- 
ery, too, with SISALKRAFT covers ... in 
fact, there are so many valuable uses for 
SISALKRAFT on the farm, all year ’round, 
that it pays to keep several rolls on hand, 
always. 

mweaeeee MAIL THIS TODAY! 


@ The SISALKRAFT Co., Dept. Av-5 


. 205 W. Wacker Drive, Chicago 6, Ill. 4 
a Please send free sample and facts H 
§ about SISALKRAFT on the farm. 4 
4 i 
4 Name...... ees 4 

' 
H Re Oe SE eR Ta ee : 
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f 
St a 


— - >) aan eee eee 
= q) Ask your Lumber Dealer to tell you 
AVES about ALL the uses of SISALKRAFT 


. “The SISALKRAFT Co. “ao ae 
205 W. Wac 


'W. Wacker Drive, Chicago 6, Ill. 
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Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society ary 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


Bogner, Neil F.—Engineer, Soil Conservation Service, USDA. (Mail) 
1012 Green St., Henry, Ill. 

Brenner, Walter—Institute director, Braunschweig-Volkenrode. Ger. 
many 


Chapson, Harold B.—President, Chapson & Stickler, Ltd. 755 
Sheridan St., Honolulu, Hawaii 


Child, James L., Jr.—Sales engineer, The Hancock Brick & Tile Co 
Box 59, Findlay, Ohio 


Claas, August—Director, Messrs. Gebr. Claas, Harsewinkel (West. 
falen) Germany 


Claycomb, Richard S.—Associate agricultural engineer (BPISAE), 
USDA. (Mail) Agricultural Engineering Department, N. J. College of 
Agriculture, New Brunswick, N. J. 


” 


Cleveland, Roger M.—Assistant professor of agricultural engineer. 
ing, University of Arkansas, Fayetteville, Ark. 


Corey, G. L.—Assistant irrigationist (research), Idaho Branch Ex 
periment Station, Aberdeen, Ida. 


Cowley, Earl W.—Irrigation engineer (research), Soil Conservation 
Service, USDA. (Mail) Box 786, Grand Junction, Colo. 

Cox, James L.—Agricultural engineer, applications & loans diy., 
Rural Electrification Administration, USDA, Washington, D.C. 

Elam, Charles W.—Agricultural engineer, A. & L. Div., Rural Elec- 
trification Administration, USDA, Washington 25, D.C. 


Fergason, R. C.—Chief engineer, Gadsden Works, Allis-Chalmers 
Mfg. Co., Gadsden, Ala. 


George, W. Lee—Sales engineer, Fafnir Bearing Co. (Mail) 316 
Campbell St., Geneva, III. 


Gihbsson, Rolf, Jr—Salesman, Nerliens Kem-Tekn. A/S Tollbodgt 
32, Oslo, Norway 


Goins, Truman—Assistant agricultural engineer, Ohio State Uni- 
versity, Columbus 10, Ohio 


Gunn, Jack T.—Junior specialist in agricultural engineering, Uni- 
versity of California, Davis, Calif. 


Hartzog, W. L.—Progressive student, International Harvester Co. 
(Mail) 3315 Norwood Blvd., Birmingham, Ala. 
Heising, Robert A-—521 W. Washington, Kirkwood 22, Mo. 


Imbof, Alvin G.—Agricultural engineer, Soil Conservation Service, 
USDA. (Mail) RR 2, Waller, Texas 


Jarecki, Eugene A.—Hydrologic engineer, Bureau of Reclamation, 
Grand Island, Nebr. 


Johnson, J. V.—Engineer, water conservation, PFRA, Box 664, 
Melville, Sask., Canada 


Kemp, John G.—Officer in charge of power and tillage studies, 
Dominion Experimental Station, Swift Current, Sask., Canada 


Kistler, James B.—Assistant superintendent of college farms, Penn- 
sylvania State College, State College, Pa. 


Lawrence, George E.—Field engineer, Manhattan Rubber Div. of 
Raybestos-Manhattan, Inc., 1330 East 10th St., Davenport, Iowa 

Leatherwood, Frank N.—Agricultural enginter, Soil Conservation 
Service, USDA. (Mail) Box 248, Burnet, Tex. 


Lewis, R. W.—Mgr., general dealer sales, Fairbanks Morse & Co., 
600 S. Michigan Ave., Chicago, IIl. 


Lovegreen, J]. R—Manager, farm equipment research, Ralston lurina 
Co., 835 South 8th St., St. Louis, Mo. 
Marlow, A. S., Jr.—President, Marlow Pumps, Ridgewood, N. J. 


McCoy, E. C.—Inspector and construction engineer, Norfolk & Wes- 
tern Railway. (Mail) 209 Chesterfield Ave., Colonial Heights, Va. 


McFee, Roy E.—Designing engineer, Grand Trunk Western Rail- 
road. (Mail) 14925 Rosemont, Detroit 23, Mich. 

Mellen, John F.—Field engineer, Tela Railroad Co., La Lima, Hon- 
duras 

Merkel, Charles M.—Agricultural engineer, Cotton Ginning L2bora- 
tory (BPISAE), USDA. (Mail) Box 145, Leland, Miss. 


Newell, John A.—Sales representative, Dickerson Machiner, Oo. 
(Mail) 3017 E. Jackson Ave., Spokane, Wash. 
(Continued on page 148) 
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is a good idea 


With practically every farm task beginning and ending with a hauling 
job, NEW IDEA engineers have given the same specialized study to 
farm transportation as they have to other operations which require 
more complicated machines. That's why, with the NEW IDEA Farm 
Wagon, bigger loads can be moved in less time with greater safety, 
and haulage costs are reduced to a minimum. 


This rugged, all-steel, all-purpose wagon meets every farm require- 
ment . . . can be equipped for use with tractor or team. Wheel base 
and bolster stakes are fully adjustable to fit all types of wood or metal 
beds, racks and boxes. Brakes and other extra equipment are avail- 
able for special needs. 


Here is a farm wagon which definitely is built to do a better job — 
one which you can recommend with confidence to anyone who wants 
greater efficiency in farming operations. See your local NEW IDEA 
Dealer or write for more information. 


WHEELS AND TIRES are all one size. Pressed 
steel, demountable disc wheels have drop 
center rims. Dustproof hub construction and 
steel hub cap protect axle from dust and grit. 
Tires are 6.00-16, 4-ply heavy duty auto type. 


STEERING MECHANISM has socket for float- 
ing tongue, adjustable steering rods, hardened 
bushings. Lost motion is eliminated. Wagon 
trails perfectly and has shorter turning radius. 


FULLY ADJUSTABLE to fit all types of wood 
or metal beds, racks or boxes. 
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It takes no sliderule to compute the ‘jolt factor" of farm 
tractor work. When corn is cross-cultivated, for ex- 
ample, the operator takes 80 jolts per minute, cross- 
ing ridges at 3 m.p.h. That's 4,800 per hour, or 48,000 
in a ten hour day! 


Nearly 5 miles vertical travel is what an operator bounces 
through in a 48,000-jolt day. Allowing 3” up and 
down motion for each jolt, the tractor operator 
‘travels 1,200 feet up and 1,200 feet down every 
hour. A 10 hour day turns this into nearly 5 miles 
of vertical motion! 


Operator comfort affects machine efficiency, and is an im- 
portant factor in acreage - worked - per-hour. The 
smooth-riding operator is relaxed . . . ready to 
exercise careful control over his work. Operator 
health and safety is another reason for eliminating 
= . . « another factor bearing directly on tractor 
work. 


FLOW-TING SEAT does 
...The Knoedler FLOW- 
TING Tractor Seat is en- 
gineered around a spring- 
hydraulic assembly that 
cushions shock and regu- 
lates "return motion" — 
providing an even "float- 
ing" ride for the tractor 
operator. The spring and_ 
hydraulic assembly is a 
single unit — with an 
instant leverage adjust- 
ment for operator's 
weight and varying field 
conditions. The operator 
remains level at all 
times, at the same dis- 
tance from the tractor 
controls. 14 FLOW-TING 
models now fit 95% of 
all tractors. 


Typical Flow- 

Ting Seat with 
Portable Underseat 
Tool Boxes 


A FLOW-TING Seat can be developed for any 
tractor design, present or proposed. Engineering 
cooperation available without obligation. For 
further information write: 


KNOEDLER MANUFACTURERS, INC. 
Division 4A STREATOR, ILLINOIS, U.S.A. 
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PROFESSIONAL DIRECTORY 


UMMUIRNUUEN Ede t cnet tN eA ‘Na, 


FRANK J. ZINK ASSOCIATES 
Agricultural Engineers 
Frank J. Zink Earl D. Anderson 
W. Floyd Keepers Wendell C. Dean 


Development - Design - Research - Markets - Public Relation; 
Boarp oF TRADE BLpG., CHicaGo 4, ILLINOIS « « Tel. HArrison 7-07 


OLSON MANAGEMENT SERVICE 


Drainage and Erosion Control Engineering, Structure Design, 

Farm Architectural Service, Work Simplification Stucies, 

Product Application Engineering, Management, Soil Surveys, 
and Testing. 


904 W. Stephenson St., Freeport, Ill. Tel. State 260) 


———___ 


RATES: Announcements under the heading ‘‘Professional Directory” i) 
AGRICULTURAL ENGINEERING will be inserted at the fiat rate o & 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini. § 
mum charge, four-line basis. Uniform style setup. Copy must h & 
received by first of month of publication. . 


Applicants for Membership 
(Continued from page 146) 
Sherwood, James N.—Agricultural engineer, Rural Electrification & 


Administration, USDA. (Mail) 2758 N. Washington Blvd., Arlington, § 
Va. 


Singhal, A. P—Lake House, Udaipur, Rajasthan, India. 


Speiser, Heinz K.—Professor, agricultural college, University of 
Kiel, Kronshagener Weg 7, Kiel, Germany 


Tenorio, Humberto—Ave. 2a No. 4-24 Cali, Colombia, S. A. 
Tice, Bruce K.—Assistant chief engineer, New Idea Div., Avco Miz 
Co., Coldwater, Ohio 
TRANSFER OF MEMBERSHIP GRADE 


Male, Charles T., Jr.—Associate professor of civil engineering 
Union College, Schenectady 8, N. Y. (Junior Member to Member) 


Miller, W. M.—lInstructor and research assistant in agricultural en- 
gineering, University of Wyoming, Laramie, Wyo. (Junior Member to 
Member) 


Taylor, John G.—Associate agricultural engineer, USDA. (Mail) 
Agricultural Engineering Department, Purdue University, Lafayette, Ind. 
(Junior Member to Member) 

Thompson, H. M.—Sales engineer, Bolens Products Div., Food M:- 


chinery & Chemical Corp. (Mail) RR1, Jamestown, N.Y. (Junio: § 
Member to Member) 


EDITORIAL (Continued from page 109) 


wads. It has Vistened in on ASAE meetings with an alert 
albeit constructively skeptical ear, for so long that it mus 
have noted the trend of the farm equipment industry toward 


increasing respect for the applied “book larnin 
tural engineering. 

If in recent years FIN has editorially espoused the caus 
of the Association for the Use and Perpetuation of the Farm 
Horse at any Cost, such items have escaped our notice. We 
are conscious of the fact that FIN’s three top editors have 
elected to fraternize with teachers of agricultural engineering ff 
graduate agricultural engineers, and others who recogniz§ 
agricultural engineering as more than a pseudo-scientific racket, f 
by maintaining membership in the ASAE. ; 

In fact FIN’s editorial pitchfork is not only wel! mech 
nized, but at least one of its diligent attendants at its controls 
is an agricultural engineering graduate. 

Thanks FIN for “yust donatin’ your time” and space, inf 
order that your important group of readers may be well in-§ 
formed on the value to them of agricultural engineering edu § 
cation for the future designers of the products they sell; fog 
some of their future employees, partners, and customers, and 
for men in public service research, extension, and teaching 
whose work helps increase the demand for equipn ent fot 
more effective farming. 


of agricul: § 
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* The ROTO-BALER rolls windrowed 


Mail) hay into compact cylindrical bales, with 
» bod a smooth, continuous rotary action. 
1M This unique method provides a new 
a- . . . . 
unio: high in protection, a new low in leaf 
loss. Windrows rolled up in June for 
storage are rolled out in January for 
nutritious winter feeding. Rolled bales will not 


alert, buckle or fall apart — even with twine removed. 
must Thousands of farmers can testify to the excellent 
ward quality, color and leafiness of hay packaged in 
cul: this way. 

see Equally important in progress toward better 
Farm hay, is Roto-Baler price and design. For here is 
= a machine priced for individual ownership on 

ave 


family farms, amply powered by any full two-plow 


we tractor with standard power take-off, and operated 
cket, under all conditions by one man on the tractor seat. 
he | The Rolled Bale and the Roto-Baler—a definite stratus ainies tia ieliirhedvons 
ytrols advance in the science of making quality hay. for Roto-Baling. 

; (Below) The low-cost Allis-Chalmers 
e, inf Bale Loader picks up bales lying at 
I in-§ , any angle. 
edu Bf 
; fort ms Sie ue me ee ( 
hoe L LLIS:CHAL Vy 
~ TRACTOR DIVISION + MILWAUKEE 1, U.S.A. 
950 
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ngle Cylinder 
3 to ¥ hp. 


y 45 


Two Cylinder > 
7 to 13 hp. 


qFour Cylinder 
15 to 30 hp. 


1. Tapered Roller Bearings at BOTH ends of the crankshaft take up End 
Thrusts and Radial Loads (impossible with other types of bearings). You 
can mount your drive directly on the extended crankshaft of any Wisconsin 
Engine without the need for special thrust bearings. 


2. Tapered Roller Bearings resist wear to a greater extent than other 
types not only because of their file-hard alloy steel surfaces, but also 
because these bearings are inherently SELF-CLEANING. 


3. Tapered Roller Bearings permit flexing of the crankshaft to a much 
greater degree than the longer, rigid plain bearings, without danger of 
developing ‘‘bell-mouthed" wobble. We have yet to hear of a single case 
of Wisconsin Engine bearing failure. : 


The use of Tapered Roller Bearings in ALL Wisconsin Engines from the 
smallest to the largest . . . 3 to 30 hp., single cylinder, 2-cylinder and 
4-cylinder . . . is typical of the engineering diligence devoted to providing 
the user with ‘Most H.P. Hours of on-the-job service’. 


tae WIS 


Specify... 
TUTHILL 


MODEL 5-W 


No other pump for tractor spraying outfits combines these 
practical advantages of the Tuthill Model 5-W in one 


compact unit: 


@ Direct-mounted on power take-off. 
@ Adaptable to pulley drive. 


@ Compact... ryote design. Over-all dimen- 
sions ... 414” x 514” x 6%” et weight 121, Ibs. 


Fits 144” or 13%” spline shafts. 
Pressure range from 0 to 150 pounds per square inch. 


Delivers 5 g.p.m. at 100 p.s.i. at 550 r.p.m.; 16 g.p.m. 
at 100 p.s.i. at 1750 r.p.m. ” . - 


Built of highly corrosion-resistant materials to handle 
a wide variety of spray liquids. 


Self-priming . . . self-lubricating. 
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Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne 
Service at its headquarters office in St. Joseph, Michigan, as a cle 
house (not a placement bureau) for putting agricultural engineers Seek. 
ing employment or change of employment in touch with possible employ. 
ers of their services, and vice versa. The service is rendered withoy, 
charge, and information on how to use it will be furnished by the Society 
The Society does not investigate or guarantee the representations made 
by parties listed. This bulletin contains the active listing of ‘‘ Position; 
Open’’ and ‘‘Positions Wanted’’ on file at the Society’s office, and infor. 
mation on each in the form of separate mimeographed sheets, may 
had on request. ‘Agricultural Engineer’ as used in these listings, is no 
intended to imply any specific level of proficiency, or registration, o 
license as a professional engineer. 


=e 

Note: In this Bulletin the following listings still current and pre. 
viously reported are not repeated in detail; for further information se 
the issue of AGRICULTURAL ENGINEERING indicated: 


PosiTioNs OPEN (1949): MAY—O-668. AUGUST—O-34.675, 34. 
678, 59-680. SEPTEMBER—O-84-682. NOVEMBER—O-85-689, 12°. 
690. DECEMBER—O-165-691. (1950): JANUARY-O-189-692, 195. 
694, 197-695, 197-696, 201-697. FEBRUARY—O-232-698. 


PosiTIoNS WANTED (1949): APRIL—W-239, 248. MAY—W-258, 
271. JULY—W-288, 292, 299. AUGUST—W-24-304. SEPTEMBER 
W-67-312. OCTOBER—W-111-316. NOVEMBER—W-119-319. DE. 
CEMBER—W-152-322, 145-323,146-324, 151-325, 137-327, 157-328, 
97-239, 161-330. (1950): JANUARY—W-164-331, 138-332, 174-333, 
175-334, 179-335, 171-336, 177-337, 190-338, 202-339. FEBRUARY— 
W-203-340, 198-341, 199-342, 214-343, 208-344, 218-345, 222-346, 
209-347, 217-348, 213-349. 


NEW POSITIONS OPEN 


AGRICULTURAL ENGINEER for work on irrigation practices and 
land development in north west-central area, in federal agency. BS de- 
gree in agricultural or civil engineering. Field and office experience on 
earthwork and engineering structures desirable. Must be healthy, co- 
operative, and industrious. Usual opportunities in federal civil service. 
Housing suitable for married men with children is difficult to find near 
the work area. For this reason a single man or married man without 
children is preferred for this position. Age 25-50. GS-5 rating, salary 
$3100. O-225-699 


PRODUCT DRAFTSMAN for drafting on haying and harvesting tools 
and related equipment with farm equipment manufacturer in the Mid- 
west. Must be good on layout work. Salary $230-330 mo. 


JUNIOR PRODUCT ENGINEER for development work on haying, 
harvesting, and related equipment with farm equipment manufacturer in 
the Midwest. BS deg in engineering, or equivalent and 3 yr actual design 
experience. Salary $295-395 mo, depending on qualifications. O-262-701 


AGRICULTURAL ENGINEER to become staff member in the agri- 
cultural engineering division of a land grant university in the north 
central area. Work will be teaching courses in physics and engineering, 
and research in rural electrification. Prefer man with MS deg in agri- 
cultural engineering, or equivalent, but outstanding candidates with BS 
deg will be considered. Any experience indicating ability as a research 
worker and teacher would be desirable. Usual personal qualifications for 
college position. Permanent position, 12-mo basis. Opening effective 
July 1. Normal opportunity for advancement. Age 25-30. Salary about 
$4000. 0-244-702 


AGRICULTURAL ENGINEER (appraiser), to analyze drainage fa- 
cilities, levee and flood conditions in three-state area of central Missis- 
sippi Valley. BS deg in agricultural or civil engineering. At least 3) 
experience in drainage and flood control engineering required. Practical 
knowledge of farming desirable. Good health and ability to inspire con- 
fidence and command respect. Opportunity for advancement good. Age 
30-40. Salary, up to $4500 to start, depending on qualifications, plus 
actual travel and subsistence expense. Give personal qualifications and 
willingness to travel. Address P O Box 491, St. Louis, Mo. O-253-703 


INSTRUCTOR or assistant instructor to teach farm machinery, basic 
mathematics, and physics in an eastern state agricultural and ‘echnical 
institute. BS deg in agricultural engineering, or equivalent. M&S deg de- 
sirable but not essential. Farm background, some experience in farm 
equipment industry, and skill in repair and adjustment of farm machines 
necessary. Must be able to work with students, dealers, and distributors. 
Initial assignment for one year beginning on or about August 1, with 
possibility of permanent assignment under state civil service. \Vork 
12-mo basis with 28-day vacation. Age 26-35. Salary $3000-4000. ©-267-704 


AGRICULTURAL ENGINEER (assistant professor) for teacling and 
research in various branches of the field, in a northeastern university. 
BS and MS deg in agricultural engineering, or equivalent. Good charac- 
ter and personality. Will consider all applicants, regardless of experience. 
Normal opportunity for advancement in academic rank and salary. Agé, 
bw! bs Salary $3700-4300 range, 12-mo basis, one month vacation. 

-270-705 


NEW POSITIONS WANTED 


TEACHING, extension, or research in power and machinery, with 
college or private industry anywhere in U.S.A., possibly elsewhere. BS 
deg in agricultural engineering 1945, University of Saskatchewan. MS 
deg in agricultural engineering, 1949, Iowa State College. Experience in 
wheat farming with large machinery. Instructor at University of Sas 
katchewan, 7 mo. Drafting for town planning commission, 3 mv. Con- 
ducting extension field days, 1 mo. War service in Canadian Army 4 mo. 
(released to instruct in University). Single. Age 28. No disability. 
Available now. Salary open. W-219-350 (Continued on pace 152) 
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TRIPLE-THREAT HAMMERMILL 
chops... grinds... elevates 
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...and it’s SAKF -equipped 


Wetmore Knife-Type Hammermills are one of the handiest pieces of 
farm equipment going today. They grind...chop... fillsilos... efficiently 
handle all types of hay and fodder . . . all kinds of grain. They work 
hard and fast . . . with large rotors insuring fast hammer travel at slow 
pulley speed. To insure dependable operation at all times, Wetmore 
uses SSF Self-Aligning Ball Bearings. They support the rotor—on 
which the knives, hammer and fan are mounted—where they compensate 
for misalignment, shaft deflection and frame distortion. That’s the natural result 
nical of SSF’s quality-controlled manufacturing standards . . . microscopic and electronic in- 
g de- spection. SSP Bearings can always be depended on to smooth the path of power . . . lower 
hines maintenance . . . effect real operating economies. You'll profit from a talk with an Sif 
with Engineer. His suggestions may enable you to increase 
7704 consumer acceptance of your product. SiS Industries, 


on Inc., Philadelphia 32, Pennsylvania. The Pioneers of the 
_ Deep Groove Ball Bearing—Spherical Roller Bearing— 
ene Self-Aligning Ball Bearing. 7075 


BALL ano ROLLER BEARINGS 
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SPRAYING SYSTEMS 


for | 
all AGRICULTURAL 
SPRAY OPERATIONS 


TeeJet Spray Nozzles are pre- 

cision made to provide uni- 

form distribution . . . in all capacities on 
all spray rigs and portable sprayers. Orifice 
tips and strainers in all sizes for all opera- 
tions . . . may be easily interchanged 
and spray direction quickly aligned by 
means of patented V-groove tip design. 
Write for information and ask for Bulletin 
55. 


SPRAYING SYSTEMS CO. 


3226 RANDOLPH STREET ¢ BELLWOOD, ILL. 
(Suburb of Chicago) 


‘STANDARD EQUIPMENT ON AMERICA’S LE 
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A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 


‘Te ONLY binder that 

opens flat as a bound book! 

Made of durable imitation leather, 

nicely stamped on front cover and back- 

bone, with name of journal and year 

and volume number, it will preserve 

your journals permanently. Each cover holds 12 issues 

(one volume). Do your own binding at home in a few 

minutes. Instructions easy to follow. Mail coupon for 
full information, or binder on 10-day free trial. 


seseeeeensseensese MAIL COUPON TODAY seeseeseesaasasase 


SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit, Mich. 


Mie pada OS SF ka. binders for Agricultural 


NS RS ORE ee OR ET nian 
Will remit in 10 days or return binders collect. 
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PERSONNEL SERVICE BULLETIN 


(Continued from page 150) 


SERVICE in soil and water field, with private industry, preferably i) 
Midwest or West. BS deg in agricultural engineering, January 19) 
Louisiana State University. Experience in dam and levee buildin:, 6 mo. 
terrace building 3 mo; hydrologic survey of watersheds, 3 mo. Nayaj a. 
listed service 6 yr, with advancement to Chief Petty Officer. Sin; le, Age 
27. No disability. Available now. Salary $3600. W-227-351 


EXTENSION, teaching, or research in rural electrification, in pubic 
service or private industry, anywhere in U.S.A., U.S. possessions, 
South America. BS deg in agriculture, major in agricultural eng neering, 
Michigan State College, 1949. Michigan farm background. Rac io tec. 
nician 8 yr. Part-time construction worker, 3 yr while in college. Electr. 
fication advisor for rural electric cooperative since June 15, 19:9. Wa 
noncommissioned service in Army Air Force. Married. Age 30. No dis. 
ability. Available on reasonable notice. Salary $3800. W-247-252 


SALES OR SERVICE in power and machinery on soil and water fielg 
in public service or private industry. Any location. Willing ‘to trav 
abroad. BS deg in agricultural engineering, 1949, University of §as. 
katchewan. Background on mechanized grain farm. General construction 
work, 6 mo. Assistant district engineer 1 yr, with government a:ency 
small water projects, drainage, etc. Single. Age 23. No disability, 
Available in September. Salary $3000. W-228-353 


DESIGN, development, or research in power and machinery or 49) 
and water field with a manufacturer in the Midwest. BS deg in agricu- 
tural engineering expected in March, Ohio State University. Specialize 
in mechanical and electrical engineering phases. Summer experience jp 


1949, 3 mo in design work with experimental department of a farm § 


equipment manufacturer. Part time work while in school making si) 
survey maps. War enlisted service 2% yr in Corps of Engineers. Mar. 
ried. Age 25. No disability. Available April 15. Salary $3000. W-231-3% 


RESEARCH or teaching in the power and machinery field, in a co. 
lege, anywhere in the U.S.A. BS deg in agriculture June 1948, BS deg in 
in mechanical engineering expected in August 1950, University of Wis. 
consin. Instructor in aircraft engines 2 yr. Instructor in farm power 
and machinery, farm shop, and rural electrification (half time) 2yr. 
Research assistant on field hay drying one summer. War noncomnis- 
sioned service in Army Air Force 4% yr. Married. Age 32. No dis- 
ability. Available September 1. Salary $3600. W-256-355 


DEVELOPMENT, research, sales, or service in the power and ma- 
chinery or soil and water field, with experiment station or private indus. 
try, anywhere in U.S.A. BS deg in agriculture, June 1948, South Dakota 
State College. Farm background. Part time work in agricultural engi- 
neering department while in school, including running soil samples, blue- 
printing, and assistant laboratory instructor in farm machinery. Farn- 
ing since graduation. War commissioned service in Naval Air Corps as 
pilot 2% years. Married. Age 26. No disability. Available now. Salary 
open. W-240-356 


EXTENSION, teaching, and research in farm structures or soil and 
water field, with college or experiment station in Southwest or West. 
Particularly interested in position which would provide opportunity for 
advanced study. BS deg in agricultural engineering, 1947, Oklahoma A & 
M College. MS deg in agricultural engineering expected in June, Purdue 
University. Farm background with work in irrigation. Teaching in soil 
and water field, 2% yr. Research in farm structures, 3 yr. War enlisted 
service in Navy, 1 yr. Married. Age 23. No disability. Available July 1. 
Salary open W-248-357 


SERVICE work with power and machinery on large-scale grain farm 
for several months practical experience before returning to China. MS 
deg in agricultural engineering Kansas State College, January 1950. 
Worked in machine shop in China, 1940-45. Single. Age 31. No dis- 
ability. Available now. Salary open. W-252-358 


TEACHING and research in power and machinery, rural electric, or 
mechanical or electrical engineering field, in college in U.S.A. BS deg in 
electrical engineering, 1944. MS deg in agricultural engineering, 1949. 
University of Minnesota. Electronic design engineer, 1944. Instructor in 
electrical engineering, 1944-1949. Research associate in agricultural en- 
gineering, summer session 1948. Single. Age 27. No disability. Avail- 
able now. Salary open. W-257-359 


DESIGN, development, or research in power and machinery or sil 
and water field with federal agency or manufacturer, anywher» in the 
U.S.A. or Canada. BS deg in agricultural engineering expected in May. 
University of British Columbia. Farm background. Experience in land 
classification, irrigation, drainage, and soils, in summer employment with 
British Columbia department of lands and forests, 5 mo. Sumner em 
ployment in machine shop of industrial organization, 5 mo. Wa: service 
2 plus years in Royal Canadian Naval Voluntary Reserve. Sing'e. Age 
25. No disability. Available May 20. Salary open. W-246-36:' 


SALES, service, or writing, in power and machinery or rura_ electri 
field, in public service or private industry in U.S.A. Interested in oppor 
tunity for further training. BS deg in agricultural engineering, xpected 
in June, University of Connecticut. General farm backgrouni. One 
summer as rural electrification engineering aid with public utility. One 
summer in repair and maintenance of industrial equipment. War enlisted 
service in Navy 2yr plus. Single. Age 24. No disability. A vailable 
June 12. Salary open. W-268-361 


DEVELOPMENT, extension, or service work in power and mchinery 
or rural electric field with college, experiment station, manufaciurer 
distributor. Any location. BS deg in agricultural engineering ex; ected i 
May, University of British Columbia. Dairy farm background Rada? 
mechanic 4% yr, R.C.A.F. Mechanic 5 mo, Pacific Tractor anc EquiP 
ment Co. Part time salesman for same company while in schoc!. Mar 
ried. Age 27. No disability. Available May 15. Salary open. W 258-362 
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